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MEDICAL AND PHARMACEUTICAL CHEMISTRY. 

A Text-book for Physicians and Pharmacists and a work 
of reference for the Chemist. Fifth Edition, Revised and 
Enlarged. With 50 Useful Tables, a Glossary, and 96 Illus- 
trations. i2mo. 738 pages. 

Cloth, net, $3.00; Leather, net, $3.50 

*«*This, the fifth edition, has been very thoroughly revised. 
It is the most complete work of the character and is used very 
extensively as a text-book. The many tables add materially to 
its practical worth. As a work of reference for the general 
chemist it is exceedingly useful. 

From The New York Medical Record. 

" This excellent booI< contains, in the most concise form, all the knowledge 
of medical and pharmaceutical chemistry. The present edition (the third) has 
been greatly enlarged, and a new chapter on Physiological and Clinical Chem- 
istry has been added ; the same deals with the chemistry of nutrition, digestion, 
and the urine. This chapter is treated in the most practical way, giving the 
principles of feeding and diet, the clinical examination of stomach digestion 
for diagnostic purposes, the easier methods for examination of milk, and a 
fairly complete guide to the clinical examination of urine and urinary calculi. 
. . The whole book reads admirably well, and deserves the highest recom- 
mendation." 
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PREFACE. 



In this small volume will be found the essentials of chemical 
diagnosis; or a description of all those chemical processes most 
useful to the practising physician. It is made up of the last eighty- 
eight pages of the " Text-book of Medical and Pharmaceutical 
Chemistry," with the addition of a chapter of Notes on Urinary 
Diagnosis, and a collection of well-selected experiments with carbo- 
hydrates, fats, proteids, and milk, and a scheme for the qualitative 
analysis of commercial prepared foods. 

The Notes on Urinary Diagnosis are essentially the skeleton notes 
of a course of lectures given for some years, in connection with the 
course in urinary analysis, at the Long Island College Hospital. The 
experimental study of the proximate principles of foods, presented at 
the beginning of the book, is warranted, the author thinks, by the 
great importance of dietetics in general, and especially of infant 
feeding. The experimental study of these substances should be 
undertaken before taking up the more difficult quantitative examina- 
tion of milk, gastric contents, and urine. It is recommended that 
these experiments be taken up in connection with the descriptive 
text, or in connection with the lectures or recitations upon these 
substances. 

As a large part of this book is printed from the same plates used in 
printing the "Text-book," no apology is needed for the appearance 
here of some material that does not properly belong in a laboratory 
manual. The object in binding this part of the " Text-book " separ- 
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vi PREFACE. 

ately was to furnish my own students with a small, handy volume, 
containing the essentials of a suitable course of laboratory work for 
the second year of medical study, and the physician with a small 
book on chemical diagnosis, as applied to the gastric contents, milk, 
feces, and urine. The author would here acknowledge his indebted- 
ness to Haliburton's " Essentials of Chemical Physiology" for many 
suggestions in preparing the course of experimental study of the 

proximate principles of foods. 

E. H. B. 

November, iS<)8. 
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CLINICAL CHEMISTRY. 



EXERCISES IN EXPERIMENTAL PHYSIOLOG- 
ICAL CHEMISTRY. 

The student should refer to the descriptive part of the text-book for 
the subjects treated of here. 

THE CARBOHYDRATES. 

1. Note the general appearance of the specimens of grape-sugar or 
dextrose, dextrin, and starch which are passed around. 

2. Put some of each into cold water. Starch is insoluble ; dextrose 
and dextrin slowly dissolve, but more readily in hot water. 

3. Apply Trom.jner' s Test for Dextrose. — Put a few drops of copper 
sulphate solution into a test-tube, then solution of dextrose, and then 
strong sodium hydroxide. On adding the NaOH a precipitate is 
first formed, which, on adding more, redissolves, forming a blue 
solution. On boiling this, a yellow or red precipitate (cuprous 
hydrate or oxide) forms. 

4. Dextrin. — Add iodine solution to the solution of dextrin, and 
a reddish-brown color is produced. The color disappears on heating. 

5. Starch. — (a) Examine microscopically the scrapings from the 
surface of a freshly cut potato. Note the appearance of the starch- 
grains, with their concentric markings. (See table, p. 369.) 

{b) On boiling starch with water, an opalescent solution is formed, 
which, if strong, gelatinizes on cooling. 

{c) Add iodine solution. An intense blue color is produced, 
which disappears on heating, and, if not heated too long, reap- 
pears on cooling. N. B. — Prolonged heating drives off the 
iodine, and consequently no blue color returns on cooling. 

(d) Conversion into dextrin and dextrose. To some starch 
solution in a flask add a few drops of 25 per cent, sulphuric 
2 9 
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lO CLINICAL CHEMISTRY. 

acid and boil for fifteen minutes. Take out a portion of the 
liquid at intervals of five minutes and test for dextrin and 
dextrose. 
6. Gfycogen.— Solution of glycogen is given round : (a) It is opal- 
escent, like the solution of starch. 

(6) With iodine it gives a brown color like dextrin, 
(r) By boiling with 25 per cent, sulphuric acid it is converted 
into dextrose. 

ACTION OF MALT UPON STARCH ; MALTOSE. 

1. Prepare a 0.5 per cent, solution of starch. 

2. Prepare some malt extract by digesting 10 gm. of powdered 
malt with 50 c.c. of water at 50° C. for three hours, and filter through 
absorbent cotton. This extract contains the diastasic or malting fer- 
ment. 

3. To the starch solution add one-tenth of its volume of malt 
extract, and place the mixture in a water-bath at 40° C. From time 
to time test portions of the liquid by mixing a drop of it with a drop 
of iodine solution on a testing slab. The blue color at first seen is 
soon replaced by a violet (mixture of blue and red), and then by a 
reddish-brown (due to erythrodextrin) , which gradually vanishes. 
Alcohol added to the liquid when all starch and erythrodextrin have 
gone, still causes a precipitate of a dextrin, which, as it gives no 
color with iodine, is called achroodextrin. The liquid also contains 
a reducing sugar — maltose. 

4. Treat the solution of starch, as before, with one-tenth of its 
volume of malt extract, and keep it in the warm chamber at 40° C. 
for three hours. 

{a) Take 50 c.c. of the product (which is a solution of maltose) 
and determine how much of it is necessary to reduce 10 c.c. of Feh- 
ling's solution. (Seep. 653.) 

((J) Take another 50 c.c. and boil it in a flask with 5 c.c. of hydro- 
chloric acid for half an hour. This converts maltose into dextrose. 
After cooling, bring the liquid to its original volume (50 c.c.) by 
adding water, and ai^aiii determine its increased reducing power with 
Fehling's solution. If .v — c.c. of maltose solution necessary to reduce 

10 c.c. of Fehling's solution, then y ^1:1 c.c. of dextrose solution 

necessary for the same purpose. Or, the ratio of the reducing power 
of maltose to ilextrosc should be as 66 to 100. The strength of the 
maltose solution can be calculated from the fact that 10 c.c. of Feh- 
ling's solution corresponds to 0.05 gm. of dextrose. 
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FATS. — THE PROTEIDS. II 



FATS. 

Tests to be practised upon pure lard. 

1. Note that it is insoluble in water. Test its solubility in ether, 
chloroform, and petroleum-ether. 

2. Boil a small portion with NaOH solution. It dissolves and 
yields a solution of soap. 

3. Add to this solution a few drops of 25 per cent, sulphuric acid. 
On heating, a layer of fatty acid collects on the surface. 

4. Filter the acidulated solution obtained in 3; evaporate a small 
portion of the filtrate to dryness. Heat cautiously to about 160° C. 
with two drops of carbolic acid, dissolve the residue in water, and add 
ammonia. A carmine color shows the presence of glycerin. 

THE PROTEIDS. 

(Seep. 503.) 
Tests for Proteids. — The following tests are to be tried with 
a mixture of one part of white of egg to ten of water. (Egg-white 
contains a mixture of albumin and globulin.) 

1. Heat Coagulation. — Faintly acidulate with a few drops of 2 per 
cent, acetic acid and boil. The proteid is rendered insoluble (coag- 
ulated proteid). 

2. Precipitation with ^STitric Acid. — The addition of strong nitric 
acid to the original solution also produces a white precipitate. 

3. Xanthoproteic Reaction. — On boiling, the white precipitate pro- 
duced by nitric acid turns yellow; after cooling, add ammonia; the 
yellow color changes to orange. 

4. Millon's Test. — Millon's reagent, which is a solution of the 
nitrate of mercury containing excess of nitric acid (see p. 503), gives 
awhite precipitate, which turns brick-red on boiling. 

5. Bromine water precipitates all forms of proteids from solutions 
acidified with HCl. 

6. After the addition of acetic acid, potassium ferrocyanide gives a 
white precipitate. 

7. Add a drop of a i per cent, solution of cupric sulphate to 
the original solution and then caustic potash ; a violet solution is 
obtained. 

8. Repeat experiment 6 with a solution of commercial peptone, and 
note that a rose-red (biuret) color is obtained. 

9. Action of Neutral Salts. — The following experiments may 
be performed with serum, which, like egg-white, contains albumin 
and globulin : 

{a) Saturate it with magnesium sulphate, by adding crystals of the 
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I 2 CLINICAL CHEMISTRY. 

salt to the serum and shaking vigorously in a flask. A white pre- 
cipitate of serum-globulin is produced. Filter. The filtrate con- 
tains serum-albumin. (Serum-globulin is incompletely precipitated 
by diluting the serum with a large quantity of water, and also by add- 
ing weak acetic acid to, or passing a stream of carbonic acid gas 
through, diluted serum.) 

{i) Saturate another portion with ammonium sulphate or zinc sul- 
phate ; a precipitate is produced of both the globulin and albumin. 
Filter. The filtrate contains no proteid. 

lo. Repeat the last experiment with a solution of commercial pep- 
tone. A precipitate is produced of the albumoses or proteoses it 
contains. Filter. The filtrate contains the true peptone. Ammo- 
nium sulphate and zinc sulphate precipitate all proteids except pep- 
tone. 



THE ALBUMINATES AND ALBUMINOIDS. 

(See pp. 510 and 519.) 

I. Action of Acids and Alkalies on Albumin. — Take three test-tubes 
and label them A, B, and C. 

In each place an equal amount of diluted egg-white, similar to that 
used above. 

To A add a few drops of o.i per cent, solution of NaOH. 

To B add the same amount of o.i per cent, solution of XaOH. 

To C add a rather larger amount of o. i per cent, sulphuric acid. 

Put all three into the warm bath at about the temperature of the 
body (36°-4o° C). 

After five minutes remove test-tube \ and boil. The proteid is 
no longer coagulated by heat, having been converted into alkali- 
albumin. After cooling, color with phenol-phthalein solution and 
neutralize with 0.1 per cent. acid. At the neutral point a precipitate 
is formed which is soluble in excess of either acid or alkali. 

Next, remove B. This also now contains alkali-albumin. Add to 
it a few drops of sodium phosphate, color with phenol phthalein, and 
neutralize as before. Note that the alkali-albumin now requires more 
acid for its precipitation than in .\, the acid first added converting 
the sodium phosphate into acid sodium phosphate. 

Now remove C from the hath. Boil it. Again there is no coagu- 
lation, the proteid having been converted into luidalbumin. .Vfter 
cooling, color with phcnol-phthalein and neutralize with o. i per cent. 
NaOH. At the neutral point a precipitate is formed, soluble in excess 
of acid or alkali. (.Acid-albumin is formed more slowly than alkali- 
albumin, so it is best to leave this experiment until the last.) 
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THE ALBUMINATES AND ALBUMINOIDS. 1 3 

2. Dissolve some gelatin in hot water. On cooling, the solution 
sets into a jelly (gelatinization). 

3. Saturate separate portions of a dilute solution of gelatin with (a) 
ammonium sulphate, (3) sodium sulphate, (c) magnesium sulphate, 
{d) sodium chloride. 

4. Add a few drops of acetic acid to some saliva. A stringy pre- 
cipitate of mucin is formed. 

5. To another portion add alcohol. A precipitate forms. Try its 
solubility in lime-water. 

AlbUMOSES AND PEPTONES. 

Use a solution of somatose, or of Mosquera beef-meal. 

Make a solution of one of these substances in 10 per cent, sodium 
chloride solution, and filter. Very little residue may be left on the 
filter. This may consist of dysalbumose, an insoluble form of hetero- 
albumose, formed during the process of preparing the substance, or 
of unchanged proteid. If hot saline solution is used instead of cold, 
as a solvent, this amount of insoluble residue is increased, hetero- 
albumose being to a slight extent precipitated by heat. 

The solution gives the following tests : 

(a) Biuret reaction (due both to peptone and albumoses). (See 
6 and 7, under Proteids.) 

{b) A drop of nitric acid gives a precipitate, which dissolves upon 
warming and reappears on cooling. (This is due to the primary 
albumoses present.) 

{c) It does not coagulate on heating. 

Otherwise it gives the general proteid reactions. (See p. 503.) 

6. For the separation of the albumoses and peptone proceed as 
follows : 

{a) Saturate the solution with ammonium sulphate or zinc sulphate 
and filter. The filtrate contains the peptone and the precipitate the 
albumoses. The peptone is not precipitated by nitric acid, nor by 
most of the reagents that precipitate other proteids. It is precipitated 
completely by alcohol, tannin, and potassio-mercuric iodide ; imper- 
fectly by phospho-tungstic and phospho-molybdic acids. It gives the 
biuret reaction, but in the presence of ammonium sulphate a large 
excess of caustic potash is necessary. 

(3) Dialyse another portion of the solution ; hetero-albumose is 
precipitated. 

(f) Saturate another portion of the solution with sodium chloride 
after faintly acidulating with acetic acid. Proto-albumose and hetero- 
albumose are precipitated. Filter. The filtrate contains the deutero- 
albumose and peptone. 
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14 CLINICAL CHEMISTRY. 

The proto- and hetero-albumose may be redissolved by adding 
distilled water, and may be separated from each other by dialysis 
(see b). 

Deutero-albumose may be separated from the peptone by saturating 
the solution with ammonium sulphate or zinc sulphate, or by the 
addition of a crystal of glacial phosphoric acid. These reagents 
precipitate the deutero-albumose, but not the peptone. 

Deutero-albumose gives the nitric-acid reaction (see 5, b) charac- 
teristic of the albumoses only in the presence of excess of salt. If 
the salt is removed by dialysis, nitric acid then causes no precipitate. 



MILK. 

A. Milk. — I. Examine a drop of milk with the microscop)e. Allow 
some milk to stand for three hours, and siphon off the lower two- 
thirds with a rubber tube. Use the skim-milk thus drawn off for the 
tests. 

2. Note the specific gravity of fresh milk with the lactometer, and 
observe that the specific gravity is increased by the removal of the 
lightest constituent — the cream. Compare the sp)ecific gravity of the 
top rich milk with the skim-milk drawn off. 

3. The reaction of fresh milk is usually neutral or slightly alkaline. 

4. Warm some milk in a test-tube, to the temjjerature of the body, 
and add a few drops of liquid rennet or essence of pepsin. After 
standinj,', a curd is formed from the conversion of caseinogen, the 
chief proteid in milk, into casein. The casein entangles the fat 
globules; the liquid is termed whey. No curd forms if the rennet 
solution is previously boiled. Heat kills ferments. 

5. To another portion of warm milk diluted with water, add a few 
drops of strong acetic acid. A lumpy precipitate of caseinogen 
entangling the fat is formed. 

6. Filter' off the curd, and test the whey for /acfose or mi/i-stigar 
by Tronimer's test ; for lactalbtimin by boiling, or by Millon's 
reagent ; and for earthy (that is, calcium and magnesium) phosphates 
by ammonia, which precipitate these phosphates. 

7. Fat {/mttrr) may be extracted from the curd by shaking it with 
ether or petroleum-ether ; on evaporation of the ethereal extract the 
fat is left behind, orming a greasy stain on jiajier. 

8. Gi.u-i/KXf'i. like tlio globulins, is precipitated by saturating milk 
with sodium chloride or nin^'nesium sulphate, but differs from the 
globulins in not beint; coagulated by heat. The precipitate produced 
by saturation with salt floats to the surface with the entangled fat. 
'I'he clear, salted whey is seen below after an hour or two. 
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Coagulation of Milk. 

9. Prepare a solution of pure caseinogen as follows : Saturate 
milk with magnesium sulphate, by shaking it with excess of the 
powdered salt. Allow it to stand for a few hours and then filter. 
The caseinogen and fat remain together on the filter. Save the 
filtrate and label it A. Wash the precipitate on the filter with a 
saturated solution of magnesium sulphate, until the washings contain 
no albumin. Add water to the precipitate. The caseinogen dis- 
solves, the fat being insoluble. In this way a solution of caseinogen 
in weak magnesium sulphate is obtained. So far the operations should 
be performed beforehand by the demonstrator. 

10. To this solution add acetic acid. The caseinogen is precipi- 
tated ; collect it on a filter ; wash the acid away with distilled water. 
Dissolve the precipitate in lime-water by grinding it up in a mortar 
with the lime-water; filter, and an opalescent solution of caseinogen 
is obtained. 

11. To a portion of this solution add a few drops of rennet extract. 
Put it in the water-bath at 40° C, and, if the caseinogen has been 
thoroughly washed, no coagulation will occur. 

12. Treat another portion in the same way, adding, however, a 
few drops of 0.5 percent, phosphoric acid as well as the rennet. 
Warm to 40° C. Coagulation — that is, formation of casein from 
caseinogen — usually occurs in a few minutes. 

13. Examine the filtrate A (see 9). Saturate a portion with 
sodium chloride. A small amount of precipitate of a proteid comes 
down. This is the so-called lacto-globulin. Milk contains only a 
trace of true globulin. The precipitate is mostly caseinogen previously 
left in solution, together with calcium sulphate. 

14. Heat another portion of A to 77°, acidifying faintly with a 
few drops of 2 per cent, acetic acid. Lactalbumin is coagulated at 
this temperature. 

1 15. Ringer's method of showing the conversion of caseinogen into 
casein : Milk is strongly acidified with acetic acid. This precipitates 
the caseinogen and entangled fat. The precipitate is collected on a 
filter, thoroughly washed with distilled water, and ground up in a 
mortar with calcium carbonate. The mixture is thrown into excess 
of distilled water. The fat rises to the top ; the excess of calcium 
carbonate falls to the bottom. The intermediate fluid contains the 
caseinogen in solution ; it is usually very opalescent. Take some of 
this solution and divide it into three parts — A, B, and C. 

To A add rennet. 

To B add a few drops of a 10 per cent, solution of calcium chloride. 



Digitized by Microsoft® 



1 6 CLINICAL CHEMISTRY. 

To C add both rennet and calcium chloride. 

Put all three in the water-bath at 40° C. A clot of casein forms 
in C, but not in A and B. 

16. Prepare some whey as under 4, and heat it to 70° C. Mix 
together two volumes of the whey and one volume of the rich top 
milk. Dissolve in this mixture milk-sugar in the proportion of 0.5 gm. 
to 25 c.c. (See p. 617.) Compare this mixture with whole milk, and 
with milk diluted with twice its volume of water by tests 4 and 5, 
above. 

17. Filter some milk through a clay filter* by means of a Bunsen's 
filter-pump. Fit a doubly perforated rubber stopper into the open end 
of a porous battery-cup. Fit two glass tubes into the stopper, one 
closed by a pinch-cock and the other connected with the pump. 
Set the cup into some milk in a beaker and apply suction. After a 
time the cup will contain a clear milk-serum, or whey, containing 
lactose, lactalbumin, and salts. Caseinogen and fat do not pass 
through. Test the clear fluid for proteids, lactose, and salts. 



SALIVA. 

Collect some saliva by chewing a small quantity of paraffin and 
expectorating in a suitable vessel. 

1. To a little saliva in a test-tube add acetic acid. Mucin is pre- 
cipitated in stringy flakes. 

2. Filter some fresh saliva, to separate cells and mucus, and apply 
the xanthoproteic or Millon's test to the filtrate ; the presence of pro- 
teid is shown. 

3. Put some 0.5 per cent, starch solution into four test-tubes. Add 
some filtered saliva to A. To B add saliva and three drops of HCl ; 
to C add I c.c. of NaOH solution; to D add saliva, and boil. Put 
all the tubes in the water-bath at 40° C. After ten minutes, remove 
and test them with iodine, and Trommer's test. The saliva in A 
will be found to have converted the starch into dextrin and maltose. 
In B and C no sugar is formed, because strong acids and alkalies arrest 
the action of saliva on starch; nor in D, because the diastase was 
destroyed by heat. 

4. The presence of potassium sulphocyanide (KCNS) in saliva may 
be shown by the red color given by a drop of ferric chloride. This 
color is discharged by mercuric chloride. 

5. The reaction of saliva is usually alkaline to litmus paper. 



*The Chamberlain or lierkfeld filter answers very well, or we may use the porous 
cup used in the liunsen cell. 
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PEPTIC DIGESTION. 

1. Half fill four test-tubes — 

A with water. 

B with 0.2 per cent, hydrochloric acid. 

C with o. 2 per cent, hydrochloric acid. 

D with solution of white of egg (i to 9 of water). 

2. To A add i c.c. of a two per cent, solution of a good pepsin, 
and a piece of a solid proteid like fibrin or coagulated egg-white. 

To B also add i c.c. of the pepsin solution and a piece of fibrin 
or coagulated egg-white. 

To C add only a piece of fibrin. 

To D add i c.c. of pepsin solution and fill up the tube with 0.2 
per cent, hydrochloric acid. 

3. Put all four tubes into the water-bath at 40° C, and observe 
them from time to time. 

In A the albumin (or fibrin) remains unaltered. 
In B it becomes swollen, and gradually dissolves. 
In C it becomes swollen, but does not dissolve. 

4. Examine the solution in test-tube B. 

(a) Color some of the liquid with phenol-phthalein and neutralize 
with dilute alkali. Acid-albumin, syntonin, or parapeptone is pre- 
cipitated. 

(^) Take another test-tube and put into it a drop of i per cent, 
solution of copper sulphate ; empty it out so that the merest trace of 
copper sulphate remains adherent to the wall of the tube ; then add 
the solution from test-tube B and a few drops of strong caustic soda. 
A pink color (biuret reaction) is produced. This should be carefully 
compared with the violet tint given by unaltered albumin. 

(c) To a third portion of the fluid, in test-tube B, add a drop of 
nitric acid ; albumoses or propeptones are precipitated. This precipi- 
tate dissolves on heating and reappears on cooling. 

5 . These three tests should be repeated with the digested white of 
egg in test-tube D. 

PANCREATIC DIGESTION. 

1. A I per cent, solution of sodium carbonate, to which a little gly- 
cerine extract of pancreas has been added, forms a good artificial pan- 
creatic fluid. In place of this we may use one of the commercial solu- 
tions of pancreatic extract, diluted with an equal volume of i per cent. 
Na,CO,. 

2 . Half fill three test-tubes with one of these solutions : 



Digitized by Microsoft® 



IS CLINICAL CHEMISTRY. 

A. To this add half its bulk of diluted egg-white (i in lo). 

B. To this add a piece of fibrin. 

C. Boil this, cool, then add fibrin. 

3. Put all into the water-bath at 40° C. After half an hour, test 
A and B for alkali-albumin by neutralization with dilute acetic acid, 
and filter. Boil the filtrate to precipitate any unchanged albumin, and 
filter again. Test the filtrate for albumoses by 6, p. 13, and for albu- 
moses and peptone by the biuret reaction. 

4. Note that the fibrin in B does not swell up and dissolve as in 
gastric digestion, but that it is eaten away from the edges to the interior. 

5. In C no digestion occurs, as the ferments have been destroyed 
by boiling. 

6. Add equal quantities of a solution of starch to three test-tubes : 

D. To this add a few drops of pancreatic extract. 

E. To this add a few drops of bile. 

F. To this add both bile and pancreatic e.xtract. 

7. Put these into the water-bath and test small portions of each 
every half minute by the iodine reaction. The blue color-reaction 
disappears first in F, then in D, while E undergoes no change. Now 
test D and F for maltose by Tromraer's test. 

8. Shake up a few drops of olive oil with the above artificial pan- 
creatic juice. A milky fluid (emulsion) is formed, from which the 
oil does not readily separate on standing. Repeat this experiment 
with the addition of one-tenth volume of bile. 

9. The foregoing experiments illustrate the action of pancreatic 
juice on all three classes of foods. 



THE EXAMINATION OF ARTIFICIAL FOODS. 

The following scheme will serve as a general guide in the examina- 
tion of prepared foods for the detection of the proximate principles. 
For confirmatory tests the student should consult the preceding 
exercises : 

I. If the food be a liquid, dilute and apply the tests at once. If 
a powder or paste, proceed as follows: Shake a portion of the food in 
a test-tube with ether, evaporate the ether, and examine the residue for 
fat or oil globules. If fat is found to be present, shake a portion of 
the food repeatedly with ether, i)ouring off the ether each time before 
adding fresh ether, until the fat is all removed. Warm, to drive off 
the ether, and shake about 5 gm., if a powder or paste, with 50 c.c. 
of cold water. Label cold solution. 

Note the color, odor, transparency or opalescence, taste, smell, 
solubility, reaction, etc. This solution can not contain uncooked starch. 
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fibrin, gelatin, or fats. If neutral in reaction, albuminates are absent, 
and need not be tested for. 

Dark-colored liquids suggest blood, meat extract, malt, etc. 

Light colored liquids suggest milk solids, certain proteids, or carbo- 
hydrates. 

Opalescence suggests cooked starch in solution, glycogen, or 
globulins. 

2. Filter from the insoluble portion, if necessary. Add iodine to 
a small portion of both the filtrate and the insoluble residue. 

Blue color indicates starch. Confirm by conversion into sugar with 
saliva or dilute H^SO^. (See 5, p. 13.) 

Reddish-brown color indicates dextrin or glycogen. Glycogen 
forms opalescent solutions, precipitated by alcohol and basic lead 
acetate ; dextrin forms a clear solution, is not precipitated by basic 
lead acetate nor by alcohol, unless in large excess. Both form reduc- 
ing sugars when boiled with dilute H^SO^. 

3. Boil a portion of the residue insoluble in cold water, with water ; 
filter while hot and examine the filtrate, when cold. This solution 
•will contain any starch or gelatin present in the food. It will not con- 
tain albumin or globulin, and albuminates only in acid or alkaline solu- 
tions. Test solubility of any insoluble residue with acids and alka- 
lies. Examine with microscope. Examine the cold and hot solutions 
(prepared by i and 3) separately. 

4. Add copper sulphate and caustic soda to the aqueous solution. 
(«) Blue solution : Boil ; yellow or red precipitate. Dextrose, 

maltose, or lactose. (For distinguishing tests see under Carbo- 
hydrates.) (See also p. 369.) 

(^) Blue solution : Very slight reduction on boiling; boil some of 
the original solution with dilute sulphuric acid, and then boil with 
copper sulphate and caustic potash ; abundant yellow or red precipi- 
tate : Cane-sugar. 

{/) Violet solution : Proteids (albumins, globulins, albuminates) 
and gelatin. In presence of magnesium sulphate the NaOH causes 
also a white precipitate of magnesium hydroxide. 

(//) Pink solution: biuret reaction. Peptones or albumoses 
(proteoses). In presence of ammonium sulphate very large excess 
of NaOH is necessary for this test. Only a trace of copper sulphate 
must be used. 

5. When proteids are present, proceed as follows : Test the reaction 
with litmus paper, and neutralize : 

(a) Neutralization causes a precipitate soluble in excess of weak 
acid or alkali. Acid-albumin or alkali-albumin, according as 
the reaction of the original liquid is acid or alkaline respectively. If 



Digitized by Microsoft® 



20 CLINICAL CHEMISTRY. 

the original liquid is neutral, acid-albumin and alkali-albumin must 
both be absent. A precipitate produced by acid, insoluble in excess, 
probably caseinogen (see 6). 

6. Acidify the filtrate obtained in 5 with a few drops of acetic acid. 
Caseinogen precipitates, if present. Filter, and boil the filtrate. 

(a) Precipitate produced : Albumins or globulins. 
(l>) No precipitate : Gelatin, proteoses, or peptones may be 
present. 

7. If albumin or globulin be present, remove according to 5. 
(a) Saturate the filtrate with sodium sulphate or magnesium sul- 
phate. Precipitate : Gelatin and primary albumoses, if present. 

(^) Or, better, add one-fourth volume of solution of potassium 
dichromate. Precipitate : Gelatin. 

8. Saturate the solution from 7 (a), from which albuminates, albu- 
min, globulin, and gelatin have been removed, if present, with ammo- 
nium sulphate, or zinc sulphate. 

(a) Precipitate : Proteoses. (^) No precipitate : Peptone and 
meat bases may be present. If there is a precipitate, filter clear. 

If both are present, the precipitate contains the proteoses, and the 
filtrate the peptone. 

9. To a fresh portion of the solution from 7 (a), add nitric acid, 
(a) No precipitate, even though excess of sodium chloride be also 

added : No proteoses. 

(/5) No precipitate, until excess of sodium chloride is added : 
Deuteroproteose. 

(c) Precipitate which disappears on heating and reappears on cool- 
ing : Proteoses. This is the distinctive test of all the proteoses or 
albumoses, and is given by all of them. For one of them, however 
(deuteroproteose), excess of sodium chloride must also be added. 

In all cases nitric acid />/us heat causes a yellow color, turned 
orange by ammonia. 

10. Remove all proteids from the solution by the addition of 
HCl and bromine water, or by slightly acidifying with acetic acid and 
adding a solution of tannin. Filter. 

Test filtrate for meat bases and amids : 

(a) Add excess of ammonia and then silver nitrate. A precipi- 
tate : Xanthin bases, creatinin. uric acid, etc. 

(1^) Acidify strongly with HCl and add phosphotungstic acid. The 
meat bases and amido-acids are precipitated. The precipitate dissolves 
on heating to 100° C, and reprecipitates on cooling. 
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THE CLINICAL EXAMINATION OF THE GASTRIC 

CONTENTS. 

Before beginning the study of the methods for the clinical exami- 
nation of gastric juice, it will be well to consider a few of the prin- 
ciples of volumetric analysis. 

Because of the rapidity and ease with which quantitative analyses 
can be made by means of volumetric solutions, this method is almost 
universally adopted in clinical work. As most of the quantitative 
processes described in the following pages of this book depend upon 
the use of volumetric solutions, it is necessary for the student to 
understand their preparation, the principles of their use, and the 
apparatus employed. 

Volumetric Quantitative Analysis, or Estimation. — By 
volumetric analysis is meant the quantitative estimation of a 
substance, by adding to it a measured volume of liquid containing a 
known amount of the reagent, and depending upon an indicator to 
show when the precipitation or reaction is completed. This process 
is called titration. 

Volumetric analysis requires : 

1. A graduated vessel, from which accurately measured portions of 
the reagent liquid may be delivered, called a burette. 

2. A solution of the reagent, of known chemical power, and called 
a standard or volumetric solution. 

3. The decomposition produced by chemical in the standard 
solution with the substance to be estimated must be either such that 
by itself or by the aid of an indicator its completion is unmistakably 
evident to the eye, and thus the quantity of the substance with which 
it has reacted may be calculated. 

Measuring Instruments. — The apparatus needed for the volu- 
metric methods are usually few and inexpensive. An expensive 
balance is not essential for the methods to be mentioned below, as 
the standard solutions are to be had of wholesale druggists or chemi- 
cal dealers, or can be prepared by any competent pharmacist. A 
burette is a graduated tube holding from 25 c.c. to 100 c.c, and 
provided with a stop-cock at one end and terminating in a tube of 
small caliber. The most convenient burette is one of 50 c.c. 
capacity, and graduated to o.i c.c. (See Fig. i.) 

Pipettes (Fig. 3) are graduated tubes, drawn down at one end 
to a small opening, and intended to be filled by suction at the upper 
end, after which the finger is pressed upon the upper end to control 
the flow. A graduated flask is a glass flask having a narrow neck. 
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upon which is a mark denoting its capacity when filled to this mark. 

The most convenient sizes for general purposes are 50 c.c, 100 c.c, 
c.c, and 1000 c.c. It is convenient to have a lo-c.c. and a 

25-c.c. graduated cylinder. 

Standard Solutions. — A 
standard solution is a solution 
of a chemical substance, con- 
taining a known amount of 
the substance in a measured 
volume of liquid. It is usual 
to express the strength of such 
solutions in the number of 
grams of the active ingredient 
to the liter, or 1000 c.c, of 
the solution. 

A normal standard so- 
lution is one made to contain 
the chemical equivalent of one 
atom of hydrogen, or any 
other monad element, ex- 
pressed in grams, dissolved 
in one liter. 




Q 



n 



1 
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Gkaiu'atkd IUretti-:. 



Fig. 2. 



Fig. 3. 



Thus: IICl is (lie chemical equivalent of N.i, .\g. lir, I. or H 

IK'l -I- ArNO, = AyCl + HNC),. 
IICl -I- NaOU = NaCl + 1I,0. ' 
lU'l -I- Nnl -r NtiCl -i III. 
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The molecular weight of HCl is 35.5 -|- i =36.5. The normal 
solution of HCl will then be made to contain 36.5 gm. by weight of 
•HCl to the liter. The chemical equivalent of H^SO^ in Na or H is 
twice that of HCl, or one molecule of Hj,SO^ will neutralize Na,. 
Hence the normal solution will contain one-half its molecule, expressed 
in grams, dissolved in one liter, or 98 -=- 2 = 49 gm. A normal solu- 
tion of oxalic acid, H^C^O^. aH^O, will also contain one-half its 
molecular weight, dissolved in a liter. A normal solution of sodium 
hydroxide will contain the molecular weight expressed in grams, be- 
cause NaOH is the equivalent of HCl, Br, I, or any other monad. 

A decinormal solution is one containing one-tenth the active ingre- 
dient of the normal solution, or one-tenth the chemical equivalent of 
hydrogen, expressed in grams, dissolved in a liter. It is often made 
from the normal solution by diluting 100 c.c. of the latter to a liter 
with distilled water. A -^ normal and a y^ normal solution or a 
centinormal solution are sometimes used. A normal solution is fre- 
quently expressed thus : y ; a decinormal, ^, or -jJj-N ; and a centi- 
normal, y^N, or.yfj. 

Preparation of Decinormal Sodium Hydroxide. — As com- 
mercial sodium hydroxide is not of definite composition, it is usually 
prepared by titration against a normal or decinormal solution of 
oxalic acid. To prepare a normal solution, weigh out exactly 63 gm. 
of pure crystallized oxalic acid, H^C^O^. aHj^O, taking care that it is 
free from any evidence of extra moisture or efflorescence of. the crys- 
tals, and dissolve this in one liter of distilled water. Weigh out 
about 50 gm. of best commercial NaOH, and dissolve this in water, 
cool, pour into the i -liter flask and make up to one liter. 

To "standardize" this solution proceed as follows: Measure out 
into a beaker 10 c.c. of the solution, add three drops of a i per cent, 
alcoholic solution of phenolphthalein, and run in the oxalic acid from 
a burette until the pink color is just discharged. Suppose 12 c.c. of 
the acid solution be required to do this. Then 10 c.c. of the NaOH 
solution contain the amount of NaOH that should be contained in 
12 c.c; 100 c.c. will contain theamount that 120 c.c. should contain. 
To make a normal solution of this solution, 20 c.c. of water must be 
added to every 100 c.c. We may calculate the amount of water to be 
added to any number of cubic centimeters by the following proportion : 

10 : 12: : any measured volume : <p. 

Or, we may calculate the number of cubic centimeters to be used to 
make 1000 c.c. by the proportion : 

10 : 12 : : <p : lOOO. 

10 X 1000 = 10,000. 10,000 -f- 12 = 833.3 c.c. 
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From this normal NaOH solution we may make a decinormal 
solution by measuring out loo c.c, putting this into a liter flask and 
filling to the mark on the neck with distilled water. 

Statement of results of a titration are expressed by two 
methods: Either by calculating the total amount or the percentage 
of acids present, or by calculating the number of cubic centimeters 
of decinormal alkali required to neutralize the acid of loo c.c. of 
the fluid. In the case of total acidity, or total organic acids, or in 
the estimation of acid salts of gastric juice, it is impossible to state 
the percentage of these causes of acidity, except in equivalents of 
some acid, as HCl, which is usually selected. Suppose, for example, 
that the amount of y^NaOH required to give a decided pink color in 
lo c.c. of the filtered fluid containing phenolphthalein be 6 c.c: It 
would require 6 X lo = 6o c.c. for loo c.c. of fluid. Each cubic centi- 
meter of the NaOH solution neutralizes 0.00365 gm. of HCl. Sixty 
c.c. would neutralize an acidity the equivalent of 60 X 0.00365 = 
0.2190 gm. of HCl in 100 c.c, or 0.22 per cent. Owing to the 
indefinite character of the above statement, many prefer the second 
method of stating the results. In the above example, which represents 
about an average normal digestion, the acidity would be said to be 
60. Some would call it 60 degrees, while others would say 60 per 
cent., meaning 60 per cent, of decinormal alkali solution required 
for neutralization. The second method is quite generally used, and is 
in most cases preferable. 

Chemical Examination of the Gastric Juice. — The chemical 
examination of the contents of the.stomach has, in recent times, become 
an important aid in the diagnosis of diseases of the stomach. The 
clinical examination of the stomach and its contents, for diagnostic 
purposes, generally includes an estimation of the rapidity of absorp- 
tion, the motility, the reaction, and acidity of the gastric juice ; the 
determination of the kind and amount of acids present ; an examina- 
tion for syntonin, albumose, and peptone ; the determination of the 
digestive activity, and a microscopical examination of the stomach 
contents. 

The stomach contents for examination are obtained as follows : The 
usual method is to administer to the patient, on on empty stomach, 
an ordinary dry roll and a definite quantity — say, 300 c.c, or about ^ 
of a pint — of fluid, either simple warm water or weak tea without milk 
or sugar. The roll should be of a tolerably uniform weight of about 
35 gm., or 540 grs. Such rolls contain about 7 per cent, of proteids, 
0.5 percent, of fat, 0.4 percent, of sugar, 52.5 per cent, of non- 
nitrogenous matter, and about i per cent, of ash. 



Digitized by Microsoft® 



CLINICAL EXAMINATION OF THE GASTRIC CONTENTS. 25 

The test-meal may consist of oatmeal or barley, cooked in water and 
flavored with a little salt, and a glass of water. About one hour after 
taking the test-breakfast the stomach-tube is inserted, and that which 
remains in the stomach is drawn off. The amount obtained should 
be about 40 c.c, or 1)4 ozs. A greater variation than 15 to 20 c.c. 
in either direction should be regarded as pathological. 

Method of Drawing Out the Contents of the Stomach for 
Chemical and Microscopical Examinations. — The contents of 
the stomach are usually drawn off about one hour after the person has 
taken one of the above test-breakfasts. This is accomplished by the 
stomach-tube, Einhorn's gastric bucket, or by causing the patient to 
vomit. The first of these methods is usually to be preferred. Place 
the patient in a sitting position, dip the rounded end of the elastic 
stomach-tube in warm water, hold it about six inches from its 
extremity, and, as the patient opens his mouth, pass it to the back of 
his throat, and ask him to swallow. As he does so, pass the tube 
gently but rapidly into the esophagus, and onward to the stomach. 
If the gastric contents do not run out as soon as the outer end of the 
tube is lowered, cause the patient to compress the abdomen and cough 
or retch, when it will cause the contents to run out. 

Examination of Stomach Contents. — Observe the quantity, 
the consistency, color, amount of mucus, and odor. Note any frag- 
ments of former meals, if such be present, or fragments of gastric 
membrane or blood. Fragments of membrane should invariably be 
examined under the microscope, for evidences of organic disease. 
Filter the stomach-fluid, and preserve the solid portion for further 
examination. The following chemical tests should be carried out on 
the clear filtrate as soon as possible. The following order of tests will 
be the most convenient : 

1 . Reaction. 8. Presence of rennin or milk-curdling 

2. Qualitative test for free HCl. ferment. 

3. Estimation of total acidity. 9. Presence of starch, dextrin, and 

4. Estimation of free HCl, combined maltose. 

HCl, and acid salts. 10. Presence of proteids and their 

5. Presence of lactic acid. nature. 

6. Total organic acids. 11. Microscopical examination of the 

7. Presence of pepsin and its activity. sediment. 

Reaction. — The normal reaction of gastric Juice is decidedly acid, 
and the acidity is due to HCl, acid salts (H^NaPOJ, and occa- 
sionally organic acids, or carbonic acid. Lactic acid is usually present 
after an ordinary meal, but after the oatmeal test-breakfast it is 
usually absent, except in carcinoma. There are two sources of lactic 
3 
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acid — one from fermentation of the contents, especially liable to occur 
when the motor function of the stomach is deficient and the food is 
retarded longer than usual ; the other, sarcolactic acid, introduced with 
meats and other articles of diet. Butyric and acetic acids are 
occasionally found in the stomach contents, due to these fermenta- 
tions. The reaction of the fluid is determined with litmus paper. 
Unsized paper stained with other coloring matters may be used. The 
following table gives the coloring matters and reagents most frequently 
used in the examination of gastric fluid, with indications: 







Color 


Color 


Reacts 

WITH : 


Decree 


Name of Color. 


Solvent. 


WITH 


WITH 


OK Sensi- 






Acids. 


Alkalies. 


tiveness. 


Phenolphthalein, . . . 


Alcohol, I 


Colorless. 


Pink or 


All acids. 


Very sensi- 




per cent. 




Red. 




tive. 


Congo-red, 


Water, 


Blue. 


Wine Red. 


Free acids 


HCI=ai in 




I per cent. 






only. 


loco. Lac- 

tic=o.2 in 

1000. 


Tropeolin, . .... 


Water. 


Deep Red. 


Yellow. 


All acids. 


HCi=o.3 in 

1000. 


Litmus, ... 


Water. 


Red. 


Blue. 


All acids. 


Very sensi- 
tive. 


Dimethyl-amido-azobenzol, . 


Alcohol, 0.5 


Cherry 


\'ellow. 


Free min- 


HCl=o.o2 




per cent. 
Water, r 


Red. 




eral acids. 


in 1000. 


Atizarin-sulphonate of sodium, 


Yellow. 


Violet. 


Free acids 






per cent. 






and acid 
salts. 




Boas' Resorciii Solution, . 


Alcohol. 


Pink. 


Colorless. 


Free min- 
eral acids. 


HCl=o.<^ 
in 1000. 


[Resorcin, 5 gm. ; cane-sugar, 












3gm. ; alcohol (95 percent.), 












100 C.C.] 












Gunzburg's Solution, 


Alcohol. 


Pink. 


Light 


Free min- 


HCl=o.05 


[Phloroglucin, 2 gm. ; vanillin, 






Brown. 


eral acids. 


in 1000. 


I gm. ; alcohol (95 per cent.), 












100 c.c] 













These coloring matters, when used to indicate the reaction of a 
liquid, are called indicators. 

Some of them, as litmus, congo-red, dimethyl-amido-azobenzol, and 
benzopurpurin, are frequently used in the form of strips of filter-paper 
colored with the dye and dried. Litmus paper is reddened by all 
acids and acid salts. Congo-paper turns blue in presence of all free 
acids, and dimethyl-amido-azobenzol is reddened by free mineral acids 
only. By testing the filtered gastric contents successively with paper 
colored with these three colors, we may determine whether it be acid, 
with litmus ; whether the acidity be from a free acid, with congo-red ; 
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when it is present in over 5 parts per 1000. Alcohol is found 
only in rare cases of yeast fermentation. 

Total Acidity.^The acidity of the gastric contents during 
digestion is made up of free HCl, free organic acids, acid-albumins, 
consisting of a loose combination of HCl and organic acids with 
the proteids of the food, and acid salts, chiefly acid sodium phos- 
phate, NaH.PO^. 

The quantitative estimation of the total acidity is best accom- 
plished as follows : 

To 10 c.c. of the filtered fluid, accurately measured into a beaker, 
three drops of a one per cent, solution of phenolphthalein is added, 
and enough yj^NaOH solution, accurately measured from a burette, 
to produce a permanent pink color. After the addition of a few cubic 
centimeters of the decinormalsoda solution, alight rose color appears, 
which should not be mistaken for the end reaction. The final change 
of color is produced by a single drop of the alkali, and hence the 
addition should be made drop by drop near the end. Near the 
completion of the test, each drop will produce a pink-red cloud as 
it falls into the liquid, which will disappear on gently mixing the 
contents of the beaker by a rotary motion. 

Estimation of Free Hydrochloric Acid. — Many methods 
have been devised for the estimation of the free hydrochloric acid, 
some of which are complicated and troublesome, while others are com- 
paratively simple and require little skill. Simplicity of manipu- 
lation, reasonable accuracy of results, and a small con- 
sumption of time are prerequisites of a good clinical 
method. 

We shall omit complicated and tedious methods. Topfer's method 
of estimating free and combined HCl is simple and easy enough to 
be adopted as the best clinical method. It requires three separate 
titrations, practised upon three portions of 10 c.c. each, using three 
different indicators. Three portions of 10 c.c. are accurately meas- 
ured into three small beakers. In No. i phenolphthalein is used as 
an indicator, and the end reaction gi\es the total acidity, as described 
above. In No. 2 dimethyl-amido-azobenzol is used as the indicator, 
which reacts only with free HCl. In No. 3 alizarin-sulphonate of 
sodium is used as the indicator, which reacts with all the elements 
of the acidity except acid albuminates. The total acidity is estimated 
in No. I, the free HCl in No. 2 ; the combined HCl is found by de- 
ducting the number of c.c. used in No. 3 from that used in No. 1 ; 
and the organic acids and acid salts together are found by deducting 
the sum of the free and combined HCl from the result of the titration 
of No. I. 
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The details of the above method are as follows : 

The estimation of total acidity is described above (p. 595). 

To the second portion of 10 c.c. three or four drops of a 0.5 per 
cent, alcoholic solution of dimethyl-amido-azobenzol are added, and 
decinormal NaOH solution is run in from a burette until the color 
changes from red to a clear yellow. This color is very sensitive to 
mineral acids, and is not affected by combined HCl, acid salts, or by 
organic acids, unless the proportion of lactic acid reaches o. 2 per cent, 
or above. 

When the estimation of organic acids to be described below re- 
quires the addition of three or more c.c. of decinormal NaOH solu- 
tion for 10 c.c. of the fluid, it will be best to confirm the above by 
a titration with the resorcin solution of Boas, or the phloroglucin 
solution of Gunzberg. 

The number of c.c. of decinormal NaOH solution used, multiplied 
by 0.00365, the weight of HCl neutralized by i c.c, gives the weight 
of free HCl in 10 c.c. This, multiplied by 10, gives the weight in 
100 c.c. Or, the number of c.c. of NaOH solution multiplied by 
10 gives the number of c.c. required by 100 c.c. of the filtrate. 

The reagents of Boas and Gunzberg give the same indications, and 
are used in the same way : 

To 10 c.c. of the filtrate from the gastric contents add -^ NaOH 
until a drop of the solution, removed on the end of a glass rod 
and evaporated on a white surface with the resorcin solution, fails 
to give a pink color. A piece of white ' ' milk glass ' ' answers very 
well for this purpose. A few drops of the indicator are spread over 
the glass and dried at a gentle heat. In performing the titration, a 
drop of the solution is removed on a glass rod and drawn across the 
plate, and the plate warmed over a naked flame. Blowing upon the 
streak as it evaporates hastens the appearance of the color. 

Estimation of HCl in Combination with Proteids. — The 
first effect of gastric digestion upon the proteids is the formation of a 
small amount of acid-albumin. When the amount of HCl secreted 
is small, the proteids may combine with it and leave no free HCl. 
As long as enough of the acid is secreted to satisfy the affinities of 
the proteids and carry on this preliminary step in the digestion, the 
digestion may proceed in a fairly normal manner, even when no free 
HCl can be detected. 

It is important, therefore, to determine the amount of this com- 
bined HCl, as well as the free HCl. This is especially important 
in cases of diminished HCl, hypochlorhydria, or total lack of free 
acids, anacidity. The combined HCl may be estimated by means 
of sodium alizarin-sulphonate as an indicator. 
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The third portion of lo c.c. is then colored with three drops of 
a I per cent, aqueous solution of alizarin, and titrated with j^NaOH 
until a clear reddish-violet color is reached. This is reached when 
the free HCl, organic acids, and acid salts have been neutralized. 
The difference between the number of c.c. used in this titration and 
that used in estimation of the total acidity with phenolphthalein, 
gives the number of c.c. of yj^ NaOH used in neutralizing the com- 
bined HCl. 

Owing to the difficulty of an inexperienced eye, in detecting the 
correct shade of violet in this titration, Topfer recommends that a 
one per cent, solution of NajCO, be colored with the sodium 
alizarin-sulphonate solution, and this used for comparison, the color 
of this solution being imitated in the titration. The neutral tint 
is more nearly obtained in a one per cent, solution of sodium phos- 
phate. 

The above methods, after a little experience, give reliable results 
for clinical purposes, and require little skill in the manipulation. 

The estimation of the free and combined acids and acid 
salts may be made by Leo's process. This process depends upon 
the fact that when pure precipitated chalk, CaCO,, is added to the 
fluid, the free acids and acids combined with albumin are neutralized 
by the CaCO,. The acidity remaining after this treatment is due to 
acid salts, and they may be estimated by this method. By removing 
the organic acids with ether and then applying the method, the free 
and combined HCl may be estimated. 

Method. — Ten c.c. of the filtered gastric contents are shaken in a 
separating funnel with 50 c.c. of ether, which removes the organic 
acids ; the liquid is then separated from the ether, returned to the 
separating funnel, and again shaken with 25 c.c. of ether and again 
separated from the ether. The fluid is then treated with 0.5 c.c. of a 
twenty per cent, solution of CaCl^, and titrated with ^ NaOH, 
using phenolphthalein as the indicator. The result gives the acidity 
due to acid salts plus the free and combined HCl. Another portion 
of 15 c.c. of the fluid is treated with about i gm. of CaCO,. and 
filtered through a dry filter. To 10 c.c. of the filtrate add 5 c.c. of 
the CaCij solution and titrate with yg- NaOH with phenolphthalein. 
The result gives the acidity due to acid salts, which, deducted from 
the result obtained in the first titration, gives the free and combined 
hydrochloric acid. 

The hydrochloric acid is grc.itly diminished or entirely absent in the icute st^ige 
of all fevers; in chronic gastric catarrh with atrophy of the gastiic ijlands and amyloid 
det;cneration of the membrane; in all cachectic states, chlorosis, certain nervous 
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troubles, many forms of poisoning, Addison's disease ; in cancer of the stomach, if it 
involves a considerable area or is attended with catarrh of the mucous membrane, 
which is usually the case. It is absent, as a rule, in cancer of the stomach, and this 
fact is a valuable aid in the early diagnosis of this disease. 

The Organic Acids. — The presence of a considerable amount 
of organic acids in the stomach contents after the usual test-meal is 
to be regarded as pathological. The acids present may consist of 
lactic, butyric, or acetic acids. Butyric acid can usually be detected 
by an odor like that of rancid butter. Acetic acid will be detected by 
the odor of vinegar, especially on warming the fluid. The detection 
of the organic acids is more certain when they are separated from the 
fluid by shaking them out with ether, allowing the ether to evaporate 
and applying the tests to the residue. As lactic acid is likely to occur 
in larger amounts and more frequently than the others, several tests 
have been proposed for its detection. Any pronounced quantity of 
organic acids is generally regarded as an evidence of pyloric stenosis, 
deficient HCl secretion, deficient motor power, or dilatation of the 
stomach — in other words, of an unusual delay of food in the stomach, 
with resulting fermentations. When we desire to make a careful 
clinical test for lactic acid, it is best to give a test-breakfast of oat- 
meal or barley-gruel, in preference to Ewald's test-breakfast, as the 
former contains no lactates, while the latter may. 

Uffelmann's test for lactic acid is conducted as follows: 

Five drops of a strong carbolic acid solution are added to 20 c.c. of 
water, well mixed, and two drops of ferric chloride solution added, or 
enough to give a clear amethyst-colored solution. This solution 
changes to a canary-yellow color, with but traces of lactic acid, or 
with gastric fluid containing it. 

Quantitative Estimation of Organic Acids. — There are a 
number of such methods, but the most satisfactory is that of Hehner 
and Seemann, sometimes called Braun's method : Exactly neutralize 
10 c.c. of the fluid with ^ NaOH, and evaporate to dryness on a 
water-bath, in a platinum or porcelain basin. When dry, the basin 
is heated over the lamp as long as the residue burns with a flame. 
The residue, after cooling, is extracted with boiling distilled water, 
filtered, and the filtrate titrated with decinormal HCl. The titration 
is best done by adding a measured excess of the -^ HCl, the solu- 
tion boiled to expel the carbon dioxide, and the excess of acid deter- 
mined with y^ NaOH, using phenolphthalein as the indicator. The 
difference between the number of c.c. of acid and alkali used will 
give the acidity due to organic acids present in the lo c.c. of liquid 
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taken. The organic salts of sodium formed during the neutralizing of 
the liquid are changed by the ignition of the dry residue into sodium 
carbonate. The amount of sodium carbonate present in the residue 
which is estimated in this titration, is the measure of the amount of the 
organic salts formed. The above method leaves little to be desired 
as to accuracy and simplicity. 

The Volatile Fatty Acids. — When it is desired to know the 
quantity of these acids present, they may be estimated as follows : 
Ten c.c. of the filtered gastric contents are evaporated on a water- 
bath to a syrup, made up again to about the original volume with pure 
water, and the acidity determined with ^ NaOH, using phenol- 
phthalein as the indicator. The difference between the acidity here 
determined and the total acidity gives the volatile fatty acids. 
When lactic acid is known to be present by a qualitative test, the 
difference between the total organic acidity and the acidity due to 
volatile fatty acids may be taken to approximately represent the 
acidity due to lactic acid. 

The Ferments — Pepsin. — The test for pepsin is accomplished 
by the addition of coagulated egg-albumin to the filtered gastric 
contents, and keeping this mixture at a temperature of about 40° C. 
(104° F.) for a definite time, and noting whether the albumin is 
corroded. If the gastric contents have been found by the above tests 
to be deficient in HCl, enough should be added to bring the quantity 
up to about two parts per thousand. In the absence of free HCl, 
pepsin may be absent, but there may be pepsinogen, which only needs 
the addition of HCl to develop the pepsin. It is best to make two 
tests in such cases — one of the original fluid, and another after adding 
two drops of diluted HCl (U. S. P.). Coagulated albumin discs, 
made by cutting the white of boiled eggs in thin flakes of uniform 
thickness and punching them out by means of a cork-borer or glass 
tube, and preserving in glycerin, are used for this purpose. The 
presence of rennin is best shown by carefully neutralizing 5 c.c. 
of the filtered gastric contents, and mixing this solution with an equal 
volume of carefully neutralized milk. If rennin be present, the milk 
is coagulated in fifteen minutes. 

Digestion of Starch. — In normal digestion there is no free 
acidity after the usual test-meal for twenty to forty minutes. The 
salivary diastase continues its activity during this time, converting the 
starch into dextrin and maltose. At the end of one hour the greater 
part of the starch should be converted, and iodine should give no 
blue color. A reddish-violet color of a watery solution of iodine 
shows the presence of crythrodextrin. A blue or juirple reaction 
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with iodine, in a fluid that has been in the stomach one hour, in- 
dicates faulty amylolysis, due either to decreased diastase in tlie 
saliva, decreased secretion of saliva, or excessive acidity of gastric 
contents. 

Digestion of Proteids. — For a description of the changes pro- 
duced in proteids during gastric digestion, the student is referred to 
part IV, under Albumoses and Peptones. 

The following tests may be employed to show the progress of 
proteid digestion : 

Native proteids, albumin, and globulin are precipitated by 
boiling the slightly acidulated solution. 

Acid-albumin, or syntonin, is precipitated by carefully neutralizing 
the solution with decinormal sodium hydroxide. It is best to use 
phenolphthalein to show the neutrality, as the solution must be exactly 
neutral to precipitate the acid-albumin. 

Primary albumoses may be precipitated from the solution, from 
which the native proteids and acid-albumin have been separated, as 
above, by saturating the solution with MgSO^ or NaCl. 

Secondary albumose (deutero-albumose) may be precipitated 
from the filtrate from the primary albumoses, as above, by saturation 
with crystals of (NHJ^SO^. 

To test for peptones, saturate a portion of the original fluid with 
(NHJjSO^, heat nearly to boiling, and filter. To the filtrate, when 
cold, add phosphotungstic acid, which precipitates peptone; or apply 
the biuret reaction. Add to fluid an excess of NaOH or KOH and 
two drops of CuSO^ solution, A rose-colored solution indicates 
peptone. 

The rapidity of absorption from the stomach is tested by 
giving the person a capsule containing 0.2 gm. (3 grs.) of potas- 
sium iodide, and then testing the saliva at the end of each minute 
for the iodine reaction. With a normal stomach, iodine ap- 
pears in the saliva ten to fifteen minutes after giving the 
capsule. 

The iodine is detected in the saliva as follows : Strips of filter-paper 
are soaked in starch-mucilage and dried. One of these papers is 
pressed upon the tongue, removed, and then touched with a glass rod 
previously dipped in some yellow nitric (nitrous) acid. The appear- 
ance of a blue spot shows the presence of iodine. Some prefer to 
give other substances than potassium iodide. Some use a solution of 
common salt of known strength, drawing out what is left in the 
stomach after ten minutes, and estimating the salt left in the 
stomach. When the capsule is administered to an empty stomach, 
4 
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a delay in the appearance of the iodine reaction in the saliva to 
twenty minutes, or longer, indicates some serious organic disease of 
the gastric mucosa. 

The motility or motor function of the stomach is a matter of 
importance, and its determination is sometimes required. When the 
motility is normal or increased, the food, even if it is not digested, is 
passed on into the duodenum before any disturbance arises from lack 
of digestion. The motor function may in this way compensate for 
lack of digestive power in the stomach. The lack of proper motor 
])ower, on the other hand, may produce dyspeptic symptoms where 
the digestive power is normal, because of the long delay of the food 
in the stomach, with secondary fermentations. Fleischer determines 
the motility of the stomach by giving a gelatin capsule containing 
O.I gm. (i^ grs.) of iodoform, which drug is decomposed in the 
duodenum, and iodide of sodium formed, which is absorbed. Iodine 
can be detected in the saliva in from fifty five to one hundred minutes 
when administered after the usual test-breakfast. 

Ewald's salol test is another chemical test of the motility of the 
stomach. Salol is nearly insoluble in the gastric juice, and does not 
enter the circulation until it is decomposed. It does not decompose 
until it reaches the duodenum, when it splits up into phenol and 
salicylic acid. The latter is then absorbed, and appears in the urine 
from sixty to seventy-five minutes after taking about 0.6 to i gm. in a 
capsule. Or, we may note how long the salicylic acid continues to be 
eliminated by the urine. If the reaction shows the acid in the urine 
at thirty hours or longer, it may be regarded as proof of deficient 
motility of the stomach. Salicylic acid is easily detected in the urine 
by wetting a piece of filter-paper with this fluid and dropping on the 
moistened spot a drop of a ten per cent, solution of ferric chloride. 
The edge of the drop will assume a violet color in presence of traces 
of salicylic acid. These papers may be dried and preserved, if neces- 
sary, as records of the test. Klemperer pours 100 c.c. (3^3 ozs.) of 
pure olive oil into the empty stomach, and removes with the stomach- 
tube what remains after two hours, to determine how much has been 
passed into the duodenum. There are several mechanical methods of 
testing the gastric peristalsis. They depend upon the pressure the 
stomach exerts upon an intragastric nibber bag attached to a man- 
ometer or otlier recording apparatus. 

Examination of the Sediment or Solid Particles Obtained 
from the Stomach. — The quantity, character, and ajipearance of 
the insoluble portions of gastric contents are important. We may in 
this way find particles of food eaten twelve to twenty-four hours before, 
showing a probable dilatation of the stomach or stenosis of the pylo- 
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rus. Excess of the starchy elements of the food indicates an excess of 
gastric acidity, or a deficiency in the activity of the saliva ; while an 
absence of bread or starch and the presence of proteid articles of diet 
indicate deficient acid. These indications will, of course, be more 
marked after an ordinary meal than after the usual test-meal. An 
examination of vomited matters will often reveal the above indications. 
The presence of mucus, in excessive amount, will be evident to the eye 
by its stringy, tenacious character. We may demonstrate its presence, 
chemically, by shaking the sediment with a weak solution of NaOH, 
filtering, and acidifying the filtrate with acetic acid, when the mucus 
will be precipitated. Excess of mucus is found in gastritis and gastric 
catarrh. Biliary coloring matters are usually evident to the naked 
eye, or they may be demonstrated by Gmelin's test (see chapter on 
Urine), or with the spectroscope. Blood maybe detected with<the 
unaided eye when present in considerable quantity. When in small 
quantity, we may use the spectroscope or the guaiac and turpentine 
test, mentioned under Urine. The microscope, however, will usually 
render these tests unnecessary. 

Microscopical examination should always be made of the sedi- 
ment obtained from the stomach. Besides fragments of undigested 
food, we may recognize the staining of these particles by bile, the 
presence of yeast-cells, blood-corpuscles, sarcinse, and bacteria of 
various kinds. It is best to first examine the sediment unstained, and 
then stained with Bismarck brown or Lugol's solution, and then with 
methyl-blue, which last color will reveal the bacteria to the best ad- 
vantage. Bacteria of various kinds are always to be found in the 
stomach, and are only indicative of disease when present in very large 
numbers. An unusually long non-motile bacillus, first recognized by 
Oppler, is found in most cases of gastric carcinoma. It has the power 
of rapidly changing sugars to lactic acid, and in carcinoma of the 
stomach the number of bacilli increases with this acid. Its absence 
in gastric disease is a very strong argument against a diagnosis of can- 
cer. Excessive bacterial fermentations in the stomach usually give 
rise to dyspeptic symptoms, such as distention, pain, delayed or diffi- 
cult digestion, disturbed intestinal peristalsis, toxic absorption, etc. 

The Pancreatic Fluid. — The pancreatic fluid is the secretion 
of the pancreas poured out into the duodenum at the junction of the 
middle and lower third of the duodenum, through the pancreatic 
duct. In some lower animals there are two ducts. The rabbit, dog, 
and cat each have two ducts. The pancreatic juice is a transparent, 
colorless, odorless, saltish, alkaline fluid, effervescing with the acids. 
It is composed of water 90 per cent, and of solids 9.93 per cent. 
There are few cells, if any, in suspension, and it is, therefore, clear. 
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The pancreatic fluid has at least three ferments, or zymogens that 
furnish at least three ferments — the diastasic ferment, atnylopsin, 
allied to, if not identical with, ptyalin ; tripsin, a peptone-forming 
ferment ; pialin, a saponifying ferment; and rennin. 

The secretion of the pancreatic juice begins as soon as food is taken, 
increases for two hours, then falls, and a second rise takes place 
in from five to six hours, when it falls again until about the eighteenth 
hour, if no more food be taken. The most marked characteristic of 
the pancreatic secretion is that it acts in neutral or alkaline solu- 
tions better than in acid solutions. A slight excess of HCl destroys 
it entirely. Its most marked action is upon proteids and starches, 
converting the former into peptone, with certain side-products, and the 
latter into maltose, which is afterward rapidly changed into dextrose. 
Pancreatic digestion differs from peptic digestion in certain well- 
marked features, which are shown below : 

Active Pepsin (Acid Medium). Pancreatin (Alkaline Medilm). 

Fibrin swells before dissolving. Fibrin corroded away. 

Assisted by HCl. Assisted by NajCOj. 

Destroyed by Na^COj. Destroyed by HCl. 

Forms syntonin, albumose, and Forms alkali-albumin, antipeptone, 

peptones. hemipeptone, leucin, tyrosin, hypo- 

xanthin, and aspartic acid. 

Acts best on albumin. Acts best on fibrin. 

The pancreatic fluid is the chief digestive fluid concerned in the 
complete digestion of starch. It contains the ferment amylopsin, 
or pancreatic diastase, which readily converts starch into maltose, 
and finally into dextrose. The extract of the pancreatic gland is 
exceedingly active in its effect upon cooked starch. This secretion 
in the new-born is destitute of amylopsin, which makes its first 
appearance at about the end of the second month. Previous to this 
time, infants can not usually digest starch. Some infants, however, 
seem to be endowed with the property of digesting starch, and it 
would seem, therefore, that they must secrete some diastase, either in 
the saliva or the pancreatic fluid. The milk-curdling property of the 
pancreatic fluid is less marked than in the case of the gastric fluid. 
Of the fat-splitting ferment little is known, except that a special 
ferment exists in the pancreatic juice which has this property. It 
decomposes lecithin into neurin, and saponifies fats to a slight extent 
only, but sufficiently to assist in the formation of a perfect emulsion. 
A small amount of free acid in the oil greatly assists its emulsification 
with a diluted solution of sodium carbonate. For this reason a 
slightly rancid oil emulsifies more readily than a neutral oil. 
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The succus entericus is the digestive fluid secreted by the 
glands of the intestinal mucous membrane, principally by Lieber- 
kuhn's and Brunner's glands. The secretion from Brunner's glands 
contains proteids, mucin, and ferments. It dissolves proteids, slowly 
changes starch into sugar, changes maltose into dextrose, and in- 
verts cane-sugar. It is a light-yellow, opalescent, strongly alkaline 
fluid. 

The succus entericus is most active in the dog. Its diastasic power 
is less than that of the saliva or the pancreatic fluid, and when it acts 
upon starch it forms dextrose instead of maltose. The large intestine 
contains none of this ferment. 

The Bile. — The bile is a viscid, transparent, golden-yellow 
colored liquid secreted by the liver. It has a bitter taste and an alka- 
line reaction. Specific gravity, 1009 to 1020. Its composition is 
highly complex, but is represented principally by the following : 

Per Cent. Per Cent. 

Water, 91.68 Soaps, 1.39 

Mucus and pigment 0.129 Fat 0-73 

Glycocholate of sodium, . . 3.03 Lecithin 0.53 

Taurocholate of sodium, . . 0.87 Cholesterin 0.35 

The amount of bile secreted in twenty-four hours is variously stated 
at from 1000 to 1700 gm., or from twenty-three to forty-seven ounces. 
The bile is prepared in the liver from the large amount of blood re- 
ceived by it. More is secreted during digestion than during fasting, 
and the percentage of solids increases during digestion. In abstinence 
from food, or with a fatty diet, little is secreted ; more is secreted 
with bread and rice, still more with meat, but most with a mixed diet. 
The bile is stored in the gall-bladder when not needed, and poured 
into the duodenum near the point of exit of the pancreatic duct. On 
standing, the bile becomes of a brown-yellow color and readily under- 
goes decomposition. 

The constituents of the bile are described elsewhere. 

The functions of the bile are : 

First. To assist in emulsifying fats, and, in the presence of the pan- 
creatic juice, it assists in saponifying a small portion. 

Second. It readily wets the mucous membrane, dissolves fats, and 
it assists in their absorption. 

Third. Checks putrid fermentation in the intestines. 

Fourth. It precipitates the pepsin, syntonin, albumoses, and pep- 
tones from the chyme, and stimulates the production of intestinal 
juice. 
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Fifth. It contains a diastasic ferment which converts starch into 
sugar. 

Sixth. The bile stimulates the contractions in the muscular coat of 
the intestines and villi, increases the moisture in the intestine, acts as 
a lubricant, and favors the passage of the contents of the small in- 
testine. 

A considerable portion of the bile is re-absorbed, a part of the 
coloring matter, at least, being excreted by the kidneys, while a part 
passes out with the feces. The biliary acids are mostly absorbed 
from the ileum and jejunum, only a trace being found in the feces. 

Toxic Effects. — Obstruction to the discharge of the bile leads to 
its absorption by the lymphatics, giving rise to cholemia, or absorp- 
tive jaundice. The coloring matter passes into the circulation and 
stains the tissues yellow. The effect of the absorption of bile is to 
produce a slow pulse and respiration, low temperature, irritation of 
the skin, lassitude, headache, and coma. 



THE FECES. 

Chemical Composition of Feces. — An adult, upon a mixed 
diet, passes about 120 to 180 gm. (or 4 to 6 ozs.) of moist excrement 
in twenty-four hours. A vegetable diet increases the amount. If 
much indigestible food be taken, it may be as much as 500 gm. The 
consistency depends upon the amount of water present, which is 
usually about from 68 to 80 per cent. A pure flesh diet gives a com- 
paratively dry feces, while substances rich in sugar yield feces with a 
comparatively large amount of water. The quantity of water taken 
has no influence upon that found in the feces. The water in the feces 
seems to be in direct ratio with the energy of the peristalsis. 

The feces of adults have a neutral, sometimes alkaline, and rarely 
acid reaction. The alkalinity is derived from the ammoniacal fermen- 
tations, while the acidity is from lactic and butyric acid fermentations. 
Acetic and propionic acids have also been found in the feces. The 
copious secretion of mucus favors the occurrence of the neutral or 
alkaline reaction. The feces of infants fed upon milk are usually acid 
from the presence of lactic acid and free, fatty acids. 

The color of feces depends upon the amount of altered bile-pigment 
mixed with them, to which the bright-yellow to dark-brown color is 
due, or upon the character of the food. The normal yellow-brown col- 
oring matter of feces is hydrobilirubin. If much blood be present, — 
that is, after hemorrhages, — the feces are brownish-black from hematin. 
Preparations of iron, bismuth, or lead, taken by the mouth, color the 
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feces black from the formation of the sulphides of these metals. 
Some green vegetables impart a brownish-green color, due to chloro- 
phyll. The green color of infants' feces is believed to be due to 
butyric and lactic fermentation, and to the action of these acids upon 
the biliary coloring matters. In adults green passages may be due to 
a green microscopic plant, or chlorococcus. 

The disagreeable odor of normal feces is due in great part to indol 
and skatol. These are products generated by the putrid bacteria, and 
come from the decomposition and transformation of albuminoid mat- 
ters. Hydrogen sulphide, and sometimes a trace of hydrogen phos- 
phide, ammonia and organic bases contribute to the odor of fecal 
matter. 

The feces contain : First. Alimentary substances which are assimi- 
lable, but which have been taken in excess, as starch, fatty matters in 
notable quantities, and a small proportion of non-assimilable proteids. 

Second. Indigestible substances, such as vegetable fiber, celluloes, 
chlorophyll, gums, pectic substances, resins, elastic tissue, epidermic 
tissue, tendons, diverse coloring matters, nuclein, chittin, insoluble 
salts (silicates, insoluble sulphates, ammonium-magnesium phosphate, 
and calcium phosphate) . 

Third. Products coming from the digestive tube itself; intestinal 
mucus, epithelial cells, biliary acids (in traces), cholesterin, and 
bacteria. 

Fourth. Substances which failed of absorption, as emulsified fats, 
the free fatty acids, leucin, and bilary coloring matters. 

Fifth. Decomposition products due to microbic action, as the free 
fatty acids from acetic up to palmitic, this last quite abundant ; also 
butyric, isobutyric, and lactic acids, phenol, cresol, indol, skatol, ster- 
corin, excretin, ammonium carbonate and sulphide, amins, amids, 
ptomaines, leucin, tyrosin, and phenylpropionic, phenylactic, and 
parahydroxylphenylactic acids. Some of these bodies, especially the 
ptomaines, acids, phenols, and coloring matters, are partly absorbed, 
the phenols passing into the urine in combination with sulphuric acid, 
as sulphuric ethers. 

Sixth. Pigments. The pigments found are stercobilin, hematin, 
biliary pigments, hydrobilirubin, and food-coloring matters. 

The following figures give the analysis of looo parts of fresh 
excrement : 

Adult Man. Infant. 

Water, 733 851.3 

Fixed solids 267 148.7 

Total organic matter, 208.75 157-1 

Mineral matter, ... 10-95 '3-^ 

Alimentary residue, 83 ... 
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The analyses of excrement have their importance, principally, as a 
guide to the assimilation or malassimilation of food, and also because 
the excrement of various animals is employed as a fertilizer. The 
meconium, or the residue which accumulates in the intestinal canal 
during fetal life, and which is passed soon after birth, contains bili- 
rubin and biliverdin in abundance ; also biliary acids, some fatty acids, 
the alkaline sulphates, chlorides, and the phosphates of calcium and 
magnesium. It does not contain urobilin, glycogen, peptone, lactic 
acid, leucin, or tyrosin. Two peculiar substances are found in feces 
which do not occur elsewhere in the body. These are excretin 
(CjijHggO) and stercobilin, or serolin. Excretin may be obtained 
from the feces by making an alcoholic extract and keeping it for a 
considerable time at a temperature below o° C. (32° F.), when there 
is deposited an olive-colored, granular body, having a fecal odor and 
acid properties, from which Marcet has named it excretolic acid. 
It resembles cholesterin in its properties. 

Meconium is the name given to the dark, greenish-brown, pitch- 
like contents of the intestine of a human fetus at birth. It is devoid 
of fecal odor and has an acid reaction. The microscope shows it to 
contain cylindrical cells from the villi, often grou|)ed together as when 
covering the villi. They are usually stained green. Besides these 
epethelial cells, there are cholesterin plates, fat globules, and crystals 
of bilirubin. Meconium contains mucin, bilirubin, biliverdin, biliary 
acids, cholesterin, traces of fat, and fatty acids. It contains from 20 
to 28 per cent, of solid matter. These feces of infants fed with nor- 
mal breast-milk are lemon-yellow to orange-colored, and contain about 
85 per cent, of water, 13.5 per cent, of organic aiid 1.5 per cent, of 
mineral matter. On shaking up with water, the water becomes acid, 
and numerous flocculi of larger or smaller size separate. 

These flakes of solid matter consist of fat, fatty acids, and lactate of 
calcium, with usually a very small amount of casein and epithelium 
cells. In some cases, the fat and fatty acids will comprise as much as 
50 per cent, of the total solids, although usually it is about 1.4 per 
cent, of the total feces. Mucin, biliary coloring matters, and micro- 
organisms are usually found. While the undigested casein is usually 
small in amount, in infants nursed at the breast, it is usually much 
greater in infants fed upon cows' milk. Frequently, large masses of 
casein and fatty acids are seen. 

Changes in the Feces in Disease. — The feces of adults become 
a blue-clay or light gray color, when the bile is shut off from the in- 
testine, VL'ry fetid, and contain a large quantity of fat. Occlusion of 
the pancreatic duct also leads to the appearance of fat in the stools. 
Diarrheal stools, or stools after purgative medicines, vary from the 
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normal principally in the proportion of water, although the rapid 
peristalsis will usually bring down more or less undigested matters. 
The feces in typhoid fever are usually semifluid, and frequently con- 
tain blood and small portions of necrotic membrane, and usually con- 
tain crystals of ammonium-magnesium phosphate. They contain the 
Eberth bacillus, peculiar to this disease, and a poisonous base known as 
typhotoxin, having the formula CjHj^NOj, and an active toxalbumin. 
The Eberth bacillus decomposes cane-sugar, with the production of 
levorotatory lactic acid. The stools of cholera are thin and almost 
colorless, resembling rice-water. Under' the microscope are seen a 
large number of epithelium cells from the villi, and bacterial analysis 
reveals the comma spirillum. Cholera stools contain indol and 
nitrites, and develop a blood-red color on adding dilute sulphuric 
acid, due to the formation of nitrate of nitroso-indol. This reaction 
is often used for diagnostic purposes. Poisonous bases and toxal- 
bumins have also been found. 

Dysenteric stools are characterized by an abundance of mucus 
tinged with blood, peculiarly fetid, and frequently containing frag- 
ments of sloughing mucous membrane. Microscopical examination 
sometimes reveals an ameba, known as the ameba coli, characteristic 
of certain cases of tropical dysentery. The stools of hemorrhages 
into the stomach, or elsewhere along the digestive tube, are dark- 
brown or black in color, and very fetid. Gall-stones are sometimes 
found in feces, as well as small calculi, or enteroliths. These 
bodies are best seen by thoroughly washing the feces in water, and 
pouring off the top liquid with the lighter floating particles, when the 
gall-stones or concretions, if present, will be found in the bottom of 
the vessel. Animal parasites of various kinds or their eggs, and 
even larvae of insects are sometimes found in feces. Seeds of fruits, 
fragments of stone, metal, or other accidental substances will occa- 
sionally find their way into the feces. 

Intestinal Gases. — The large and small intestines always contain 
more or less gas. This is usually a mixture of carbon dioxide, 
methane, nitrogen, and hydrogen. In strictly normal digestion, 
unless substances rich in sulphur are eaten in considerable quantities, 
sulphuretted hydrogen is not found in the gases of the colon. The 
COj is derived in part from bacterial decomposition of carbohydrates 
and proteids, and in part from the blood. The CH^ is derived from 
the bacterial decomposition of carbohydrates and proteids, but espe- 
cially from cellulose. The nitrogen is partly derived from the blood, 
partly from the air swallowed, and partly from decomposition of 
proteids. The hydrogen is derived from fermentations of carbo- 
hydrates and proteids. Butyric fermentation of sugars generates 
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hydrogen. The following table gives the percentage composition of 
the gases of the large intestine, as given by Ruge : 



Vol. in lOo Vols. 



Carbon dioxide, 
Hydrogen, . 
Marsh-gas, . . 
Nitrogen, . . 



Milk Diet. 



16.8 

43-3 
0.9 

38.3 



9-9 
54. 2 

36.7 



Meat Diet. 



13.6 

3 

27.5 

57.« 



12.4 

2.1 

275 

57.8 



8.4 

0.7 

26.4 

64.1 



Lhguminoits 
Vegetable Diet. 



34 

2-3 

44-5 
19.1 



38-4 

15 

49-3 
10.6 



III. 



21 
4 

55-9 
18.9 



MILK. 

Milk is the secretion of the mammary glands, the presence of which 
is characteristic of the mammalia. The milk of different animals 
differs somewhat in composition, but always contains the same con- 
stituents. It contains all the necessary constituents of a perfect food, 
and is intended for the nourishment of the young until they are able 
to live upon other foods. Milk is an opaque, white fluid, containing 
fat globules in suspension, albumin, sugar, and salts in solution, and 
caseinogen in partial solution. The reaction of human milk is gen- 
erally feebly alkaline ; that of the cow is usually neutral or faintly acid, 
while that of the carnivora is generally acid. Milk readily becomes 
acid or sour on exposure to the air, due to lactic fermentation. 
Microscopical examination reveals the fat in a state of perfect emul- 
sion, the fat globules remaining suspended and seimrate from one 
another. The fluid seen between the globules is not perfectly clear, 
but contains small granules of caseinogen, which may be filtered out by 
passing it through a clay filter. The milk which is secreted for the first 
few days after parturition is viscid, yellow in color, of high specific grav- 
ity, and shows the presence of a few corpuscles of a peculiar character. 
These corpuscles seem to be epithelium cells containing fat globules, 
which they have not yet liberated. These cells are called colostrum 
corpuscles, and the milk of the first few days of lactation is called 
colostrum. The composition of colostrum varies in different indi- 
viduals. The total solids vary from 13 to 15 percent. ; the casein, 
1.5 to 3 per cent. ; albumin and globulin, i to 7 per cent. ; sugar, 
3 to 6 percent. ; and salts, 0.3 to 0.5 per cent. It is believed by 
some that each fat corpuscle is surrounded by a shell, or membrane, 
of casein. Others deny the existence of this membrane. 
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The specific gravity of milk is usually determined with the 
hydrometer. The specific gravity of cows' milk varies from 1029 
to 1035. An excess of fat lowers the specific gravity and the removal 
of fat raises it. The addition of water will lower the specific gravity. 
These facts are made use of for the detection of the ordinary adulter- 
ations of milk. 

The amount of milk secreted varies with the health of the 
animal, the amount of food taken, and various other conditions. 
The amount secreted by a woman each day is about r liter. A good 
cow secretes about 7 to 10 liters. The composition of milk varies in 
different classes of animals with the state of nutrition of the animal, 
the constitution, the age, the period of lactation, and the character 
of the food. 

Composition of Milk. — The published analyses of milk are very 
numerous, and the older analyses, made by older methods, differ some- 
what from the analyses made .by more recent methods. The com- 
parative composition of human milk and of cows' milk is given in the 
following table : 



ANALYSIS OF 


HUMAN MILK AND 


cows- 


WilJ^.—{Kdnig.) 




Woman's Milk. 






Cows' Milk. 




Mean. 


Minimum. Maximum. 


Mean. 


Minimum. 


Maximum 


Water, . . . 87.29 


83.69 


90.90 


87.41 


80.32 


91.50 


Total solids, . 12.71 


9.10 


16.31 


11.59 


8.50 


19.68 


Fat, . . . 3.78 


1. 71 


7.60 


3.66 


IIS 


7.09 


Milk-sugar, . 6.04 


4.II 


7.80 


4.92 


3.20 


5.67 


Casein, . . 1.03 


0.18 


1.90 


3.01 


1. 17 


7.40 


Albumin, . . 1.26 


0-39 


2-35 


0-7S 


0.21 


5.04 


Albuminoids, 2.29 


0.57 


4-25 


3-76 


1.38 


12.44 


Ash, . . . 0.31 


0.14 


(?) 


0.70 


0.50 


0.78 



Besides the constituents mentioned in the table, milk also contains 
very small quantities of certain extractives, among which are creatin, 
leucin, the odoriferous principle, lecithin, nuclein, etc. It also usually 
contains certain gases, principally carbon dioxide, oxygen, and 
nitrogen. Colostrum contains a larger proportion of solid matter 
than ordinary milk, a larger amount of proteid materials, and less 
sugar. 

The following table shows many differences between human and 
cows' milk not shown in the above table, and which are of importance 
in adapting the latter to infant feeding : 
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TABLE SHOWING DIFFERENCES BETWEEN HUMAN AND 
COWS' MILK. 



Properties. 



Physical appearance. 



Specific gravity. 
Reaction. 



Human Milk. 



Bluish, translucent, odorless, 
sweetish. 



Behavior on boiling. 



Spontaneous coagula- 
tion. 



Coagulation with ren- 
net. 



Fat. 



Composition of fat. 



Relation of acids. 



1026 to 1036. 

Amphoteric or slightly alka- 
line. 



Does not coagulate, and 
forms a very slight pellicle, 
scarcely observaLile. 



Coagulates only after one to 
two days, at room-tempera- 
ture. 



Coagulates incompletely in 
small, isolated flocculi, 
never forming visible curds. 



Butter yellowish, similar to 
cow-butter ; sp. gr. at 15° 
C. = 0.966; melts at 34° C. 



Olein, palmitin, stearin, 
butyrin, caprin, caproin, 
myristin. 



Cows' Milk. 



Opaque, white or yellowish- 
white, distinct odor, feebly 
sweet taste. 



1029 to 1035. 



Amphoteric or slightly acid ; 

becomes quickly acid on 

exposure to air. 
Does not coagulate, but forms 

a distinct pellicle of casein 

and lime-salts. 



Coagulates after six to twelve 
hours at room-temperature ; 
due to lactic acid. 



Coagulates at body tempera- 
ture, separating into curdy 
masses and opalescent whey. 



Butter yellow- white ; sp. gr. 
at 15° C. ^0.949 to 0.996 ; 
melts at 35.8° C. 



Volatile acids relatively small; 
oleic acid, one-half non- 
volatile acids. 



Caseinogen. 



Composition of pro- 
teids. 



Mineral matters. 



Nuclein and lecithin. 



Precipitated with difficulty 
by salts and acids ; easily 
soluble in acids ; leaves no 
pseudonuclein with peptic 
digestion. 



Bacteria. 



Lactalbumin, lactoglobulin, 
and casein ; ratio of casein 
to albumin, I to 1.2 (?). 

Relatively small amount; 
contains one-sixth as much 
Cai ) and one-fourth as 
much PjOj as cows' milk. 

Nuclein, i 2 gm. per liter 
(Siegfried); lecithin, 1.7 
gm. per liter (Stoklasa). 

Generally sterile ; rarely sta- 
phylococcus albus and 
aureus. 



Olein, palmitin, stearin, 
caproin, caprylin, caprin, 
laurin, myristin, a'achin, 
butyrin, lecithin, cholester- 
in. 

Volatile acids relatively large, 
oleic acid small, palmitic 
and stearic large. 

Precipitated easily by salts 
and acids; precipitate not 
ea^^ily soluble in excess of 
acids ; le.^ves residue of 
pseudonuclein. 



Lactalbumin and globulin 
small ; casein to albumin, 
I to 7, or even I to 10. 



Contains 
amount. 



relatively large 



Nuclein, 0.6 gm. per liter 
(Siegfried) ; lecithin, 1 
gm. per liter (Stoklasa). 



Contains numerous bacteria, 
and occasionally typhoid, 
diphtheria, tubercular or- 
ganisms, etc. 
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The proteids which occur in milk are probably three in number — 
caseinogen, lactalbumin, and lactoglobulin. Lactoprotein and pep- 
tone have also been described by some observers. When milk is 
allowed to stand at the ordinary temperature, a part of its lactose is 
converted by fermentation into lactic acid. When this has accumu- 
lated to a considerable extent, the caseinogen is precipitated. When 
milk is treated with rennin, or gastric juice containing this ferment, 
the caseinogen is rapidly converted into casein, and at the same time 
coagulation or precipitation occurs. When rennet is added to cows' 
milk, the result is a coherent clot or curd and a clear, yellowish fluid 
called whey. The curd contains the fat entangled with the casein. 
The whey contains the albumin, sugar, and salts. In human milk 
the curd is formed of smaller flocculi, and the same appearance may 
be produced with cows' milk if it is previously boiled or largely diluted 
with lime-water. Caseinogen is often compared to alkali-albumin ; the 
latter, however, does not coagulate with rennet, and is readily soluble 
in acids, while caseinogen is not. Caseinogen somewhat resembles 
the globulins in its behavior with neutral salts. The globulins, how- 
ever, coagulate when heated, while caseinogen does not. 

Casein. — This name is sometimes restricted, as above, to the pro- 
teids formed, by the action of rennet and acids, from the caseinogen 
of milk. Casein is the chief constituent of cheese. 

Lactalbumin. — After the precipitation of the casein by acetic 
acid, this proteid is left in the solution. The scum which forms on 
the top of milk on boiling is probably formed by the coagulation of 
a part of the lactalbumin and caseinogen. 

The boiling of milk before it is used as food is advantageous, in 
that all germs of disease are destroyed, and that the rennet gives a 
flocculent instead of the heavy, curdy precipitate. The lactalbumin is 
modified by the boiling, and precipitates on adding acid to the cold 
boiled milk. 

Lactoglobulin. — Various observers have discovered other proteids 
than the two mentioned above. Lactoglobulin, whey proteid, lacto- 
protein, proteoses, peptones, and nuclein have been mentioned as 
occurring in milk, but our knowledge of the amount present is so 
slight that we will pass them with the mere mention. It is claimed by 
some that their supposed presence is due to faulty methods of examina- 
tion. The lactoglobulin has the property of liquefying cooked starch 
and of partially digesting it. This property is destroyed by sterilization. 

Fat. — The chemical composition of milk-fat is very nearly like that 
of adipose tissue, with small quantities of the triglycerides of butyric, 
caproic, caprylic, myristic, and arachinic acids. Milk also contains 
minute quantities of lecithin, cholesterin, and yellow lipochrome. 
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Cream is simply the upper layers of milk which has been left to 
stand, and in which the fat globules are more numerous than in whole 
milk. The amount of cream that will separate from the milk in twenty- 
four hours is sometimes made use of as a test for the richness in fat. 
A fair market milk will give from lo to 12 per cent, of cream, while 
rich milk will frequently give from 15 to 20 per cent., or even more. 

Butter is the fat of milk in which the fat globules are separated 
from the other constituents by mechanical agitation in the churn. 
About one-sixth of the fat remains in the buttermilk. Buttermilk 
contains, therefore, about from 0.5 to i per cent, of fat. Butter also 
contains small quantities of casein and lactose. Butter from human 
milk is richer in fluid fats than that made from cows' milk. By 
exposure to the air butter becomes rancid, due to the saponification 
of some of the glycerids of the fatty acids. 

Milk-sugar, as will be seen in the above table, occurs to the 
extent of about 4.5 per cent, in cows' milk and about 6 per cent, in 
human milk. The characteristics of this sugar have been described 
in part v. 

The salts of milk are the phosphates of potassium, sodium, 
calcium, and magnesium, with chlorides of potassium and sodium, 
and a trace of iron, which is in combination in the nuclein. The 
most of the phosphorus of human milk and about one-half that of 
cows' milk exist in organic combination in the nuclein and lecithin. 

Sterilized and Pasteurized Milk. — Owing to the ease with 
which milk undergoes the lactic fermentation and becomes sour, 
various methods have been tried to preserve milk for use in large 
cities. Subjecting the milk to a low temperature has been in use for 
a long time, and is of great service. Milk kept at a temperature of 
about 10° C. (50° F.) will keep sweet for a number of days. 

For use as a food for infants, this has been found to be imprac- 
ticable. Even with the greatest precaution, the lactic ferment will 
slowly progress and will grow in such abundance, as soon as the food 
is taken, as to disturb the child's digestion. This may be and often is 
prevented by heating the fresh milk to 100° C. (212° F.) for fifteen 
to twenty minutes in a bottle or jar, closing it while hot, and excluding 
air until needed. This " sterilized milk " is to be found in the mar- 
kets. It has not met with the success in use that was at first expected. 
The heat coagulates the lactalbumin, the globulin, and modifies the 
casein. On acidifying sterilized milk all the proteids are precipitated 
at once in a firm curd that is not easily digested, but appears in the 
feces. Experience shows that thildren fed upon this milk do not 
thrive as well as when fed on raw milk. 

The nuclein and lecitiiin of the milk are decomposed at a tempera- 
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ture of loo'' C. (212" F.), and this probably alters its nutritive 
qualities and accounts for the tendency of children to become rachitic 
when fed exclusively upon sterilized milk or condensed milk. 

The temperature at which the above changes in the proteids begin 
is about 75° C. (167° F.). If milk is heated to about 68° C. (155° 
F.), or not above 70° C. (158° F. ), many organisms are killed, and 
others so weakened that the keeping quality is greatly improved, with- 
out altering the taste or composition. This process is called Pasteuri- 
zation, and is now used to preserve milk for use as food for infants. 

Modified Milk. — By this term is meant cows' milk that has been 
changed in composition so as to resemble the composition of human 
milk. As the caseinogen of cows' milk is about three or four times that 
of human milk, and the albumin is but half that of human milk, there 
is a very decided difference in the digestibility of the two. Rennin 
coagulates the caseinogen only. The curd formed in the stomach 
from cows' milk is more abundant, and forms tough masses, difficult to 
digest, while that from human milk is slight in amount and flocculent. 

The sugar of cows' milk is present in about 4. 5 per cent. , while 
that of human milk is nearly 2 per cent, higher. These and other 
differences in composition and behavior of the two milks, shown in 
the table on page 611, make it necessary to modify the compo- 
sition of cows' milk for the successful nourishment of infants. Various 
methods have been proposed for accomplishing this, and have led to 
the production of numerous preparations put upon the market as 
baby-foods. 

One of the most successful of the attempts to modify cows' milk to 
imitate human milk is a mixture of milk, cream, water, lime-water, 
and milk-sugar, made to correspond to the average analysis of human 
milk, and the mixture Pasteurized. Such mixtures are now to be had in 
many large cities from milk laboratories, established for the purpose 
of furnishing them. Milk of any desired composition may be ordered 
from the laboratory, and this composition may be changed at will. 

The milk used for this process, as well as the cream, must be fresh, 
and the cream .should be of nearly constant composition. The only 
way to secure this is to use cream separated by the centrifugal machine. 

With such a cream, containing 20 per cent, of fat, the following 
proportions will give very nearly the composition of average human 
milk : 

Milk 2 parts ; or, Milk, ... . .4 fluidounces. 

Cream, 3 parts ; " Cream, ... . . 6 fluidounces. 

Water, 10 parts ; " Water, 20 fluidounces. 

Lime-water, I part ; " Lime-water 2 fluidounces. 

Milk-sugar, ^ part ; " Milk-sugar, 7 drachms. 
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The analysis of this mixture will give about the following results, 
when a good milk is used : 

Water, . . .88.42 Fat 4 Sugar,. . . .6.26 

Solids, . . , 11.58 Proteids, . . . I.II Ash, . . . .0.21 

Such mixtures can not be regarded as very near imitations of human 
milk. Even when the mixtures are made at milk laboratories, certain 
peculiarities of human milk, shown in the comparative table on page 
611, can not be imitated in this way. The fat of the two milks are 
ot different composition, and the process of centrifugal separation of 
the cream partially destroys the emulsion, and collects the fat globules 
into small masses and renders the fat less easily digested. The dif- 
ferent amounts of nuclein and lecithin in the two milks are unfavor- 
able to cows' milk, as regards its nutritive qualities. It is in the 
relative proportion of the two proteids that the most difficulty is 
experienced. The above mixture contains i.ii per cent, of proteids, 
of which 0.86 per cent, is caseinogen and 0.25 is albumin and 
globulin. Human milk usually contains slightly more albumin than 
caseinogen, a fact that is of great importance in the behavior of the 
milk with rennin or with acids — /. e., in the first stages of digestion. 
This relation between the caseinogen and albumin determines more than 
any other factor the character of the curd produced on coagulation. 
The larger the proportion of albumin to the caseinogen, the finer the 
flocculi formed. The actual amount of proteids in human milk varies 
at different periods of lactation, being greatest during the first week. 
The following figures show this variation, and the relative percentage 
of albumin and caseinogen (Camerer) : 

Period of Lactation. Total Proteids. 

Eighth to eleventh day, ... . 2.53 

Twentieth to fortieth day, .... 1.74 

Two to three months, 1.46 

Eight months 1. 19 

From the above analysis we see that the amount of total proteids in 
human milk during the first two weeks of lactation is about 2.5 percent., 
and in many rases 3 per cent. ; but of these nearly two-thirds are soluble 
albumin and globulin instead of caseinogen. We may increase the 
albumin in the above-described mixture by the addition of ep?- 
albumin in the proportion of the white of two eggs to the quart of 
mixture. Assuming that the wliite of an average egg will weigh 
30 gm., or I oz., and that it contains 12.2 per cent, of albumin, the 
whites of two such ei,',L;s would contain 7.32 gm. of albumin, and 
would add ajijjroximatel)' 0.75 i>cr cent, of egg-albumin to the above 
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mixture, and give 1.86 per cent, of proteids, of which 0.86 per cent, 
will consist of caseinogen and i per cent, will consist of albumin. 
While egg-albumin differs materially from lactalbumin, the physical 
behavior of the mixture is more nearly like that of human milk, and 
experience shows it to be well suited for infant nutrition. 

A rational method of modifying cows' milk for use as an infant food is 
the following : The milk should be allowed to stand in a cool place for 
three or four hours, to allow the cream to separate. When the milk is 
received in bottles, as is the custom in large cities, this will be unneces- 
sary. Siphon off from the bottom of the containing vessel two-thirds 
of the milk, leaving the cream and upper portion of milk undisturbed. 
This may be easily done with a small rubber tube, previously filled 
with water to start' the siphonage. To the milk thus drawn off add a 
teaspoonful and a half of essence of pepsin or liquid rennet, warm to 
blood heat, 37° C. (98.6° F.), and keep at or near that temperature 
for twenty to thirty minutes, or until the curd separates. Then warm, 
with vigorous stirring, to 68° C. (155'^ F. ) and filter, while hot, 
through muslin. This whey will contain approximately 1 per cent, 
of fat, 4.5 per cent, of sugar, 0.8 per cent, of soluble albumin, and 
0.7 per cent, of salts. When cold, this whey is added to the rich 
milk left in the containing vessel. 

The mixture thus obtained will contain approximately 1.2 per cent, 
of caseinogen, 0.8 per cent, of albumin, 4.5 per cent, of sugar, 
3 per cent, of fat, and o. 7 per cent, of salts. To a quart of this 
mixture we must add 1.5 per cent, of milk-sugar to bring the per- 
centage of this constituent up to 6 per cent. This will require about 
one-half ounce, or a heaping tablespoonful, of powdered milk-sugar. 
This mixture is very successful in practice. The behavior of the 
mixture, when coagulated with dilute acid, is strikingly like that of 
human milk. 

Changes Produced in Milk by Disease. — The milk of a 
strong, healthy woman is more nourishing than that of the weak, 
sickly woman. The character of the secretion of milk in the human 
subject, as well as in some of the lower animals, is greatly varied by 
the emotions, and milk secreted during periods of excessive mental 
excitement has frequently proven poisonous to the young. Certain 
drugs pass through the mother into the milk, as, for example, iodine, 
arsenic, antimony, lead, zinc, bismuth, and mercury. Opium and 
morphine, although they may not be detected in the milk, have fre- 
quently passed into the milk in sufficient quantities to narcotize the 
infant. In the cow the character of the food and the state of the 
health have an important bearing on the composition of the milk. In 
cases of the cattle-plague the milk has been found to contain blood. 
S 
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The milk in cases of tuberculosis, a common disease in cows, is capable 
of communicating this disease to calves, as well as to human subjects. 
Milk from tuberculous cows should never be used. The milk from 
foot-and-mouth disease is also injurious. Milk is often the carrier of 
the infection of contagious diseases, as measles, scarlet fever, diph- 
theria, small-pox, and typhoid fever. 

Milk is a good cultivating medium for the growth of various bac- 
teria, and several characteristic bacteria producing coloring matters 
occur in milk, one giving it a blue, another a purple-red, and another 
a yellow color. Milk is sometimes rendered poisonous by certain bac- 
terial growths. These poisons are either ptomaines or toxalbumins 
produced by the growth of these bacteria. 

The Adulterations of Milk. — The adulterations usually practised 
are the extraction of cream, or the addition of water, or both. Oc- 
casionally the addition of some foreign substance, as sodium carbonate, 
common salt, or sugar, is met with. 

The detection of the adulterations of milk usually depends upon the 
determination of the specific gravity, the fat, total solids, and the ash. 
The quantity of these ingredients is not perfectly uniform, and hence 
certain limits of allowable variation have been determined upon from 
time to time. The standard adopted in many States in this country 
is a specific gravity not less than 1029 and total solids not less than 
12 per cent., of which 3 per cent, shall be fats. The legal limits for 
total solids vary from 12 to 13 per cent., and the solids not fat from 
8.5 to 9.5 per cent. The Society of Public Analysts of Great 
Britain have adopted for total solids, 11.5 ; fat, 3 ; and solids not fat, 
8.5 per cent. 

Milk Testing. — There is no instrument of simple construction 
which will with certainty detect the presence of a small amount of 
adulteration in milk. The lactometer, or lactodensimeter, 
which has been employed very largely in the sanitary inspection of 
milk, is a hydrometer with a scale covering the variations usually met 
with in milk. (See Fig. 4.) The lactometer of the New York 
Board of Health is a hydrometer on which the scale is so constructed 
that 100" indicate a specific gravity of 1029, the supposed lowest 
specific gravity of pure milk. The space between 1000, the spe- 
cific gravity of water, and 1029 is divided into 100 arbitrary 
degrees. The scale is extended to 120°, which corresponds to a 
specific gravity of 1034. When taken alone, it is of very little value. 
If, however, it be taken with the estimation of either the total solids 
or the f.it, it is of considerable service. In very exceptional cases 
tlie milk of a single cow may have a specific gravity below 1029, but 
such milk should be regarded as abnormal. Such depression of the 
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specific gravity never occurs in the mixed milk of several well-fed 
cows. A specific gravity below 1029, therefore, unless accompanied 
by an excessive amount of fat, may be taken as evidence of contami- 
nation, probably with water. 

The fat for such examinations may be estimated by the creamometer, 
or by some form of lactoscope, or the lactobutyrometer. The cream- 
ometer, or cream gage, is simply a graduated cylinder, the graduations 
being Ym °^ *^^ *°*^^ capacity of the cylinder to the zero mark. 
(See Fig. 4. ) The milk is added in the cylinder to this zero mark, 
and allowed to remain at rest for twenty-four hours, when the number 
of the divisions covered by the cream is read off. This should not be 



r*^ 




Fig. 4.— a. Hydrometer. B. Cream- 
ometer.— (iyarr.) 



Fig. 5.— Feser's Lactoscope.- 
{Queen.) 



less than ten per cent. The lactoscope depends upon the assumption 
that the opacity of the milk is proportional to the amount of fat which 
it contains. In Feser's lactoscope (Fig. 5), a measured volume 
of milk is placed in a graduated vessel, A, by means of the pipette, B. 
It is then diluted with water until the black lines of the inner cylinder 
of opaque white glass can be seen through the layer of the mixture be- 
tween the walls of the inner and outer cylinders. It is then only 
necessary to read off the percentage of fat on the scale of the outer 
cylinder at the surface of the liquid. This method of determining 
the fat in milk, although answering for the purpose of municipal 
control, is not to be depended upon for scientific purposes, or as 
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evidence upon which to base legal proceedings. The lactoscope is 
of doubtful value in estimating the fat in human milk. In a large 
experience with this instrument the author has seldom seen the 
readings vary more than 0.3 per cent., in cows' milk, from the 
accurate methods. Usually it is much nearer than this. 

The Chemical Analysis of Milk. — An easy, rapid, and satis- 
factory method for estimating the fat in milk is that known as the 
Werner-Schmid process. Ten c.c. of the milk are measured 
out into a long test- tube, holding 50 c.c. and graduated at every 10 
c.c, and treated with 10 c.c. of strong HCl. If desired, the milk 
may be weighed into a small beaker-glass and then washed into the 
test-tube with the acid, when the test-tube need 
not be graduated. After mixing the milk and 
acid together, the mixture is heated to boiling, 
or, it is loosely corked and heated in a water-bath 
for five or ten minutes, or until the liquid turns 
brown, but not black. The tube and contents 
are then cooled, 10 c.c. of well-washed ether 
added, corked, and the mixture well shaken. As 
soon as the ether separates from the remainder of 
the fluid, the cork is removed and the wash-bottle 
arrangement shown in figure 6 inserted. The 
lower end of the exit tube is now adjusted by 
sliding it in the cork so that it is just above 
the line of separation of the two fluids. The 
ether solution of the fat is now blown off into 
a weighed beaker or flask. Two more portions 
of ether, of 10 c.c. each, are added, shaken up, 
and blown off into the first portion. The ether 
is now distilled off and the fat dried in a 
water-oven and weighed. The amount of fat 
so obtained represents that contained in 10 c.c. 
of milk, or in the amount weighed out. 
The results agree quite closely with the Adams method, described 
below. 

The total solids and water are determined bv placing in a 
weighed platinum dish a wtigiied quantity of the milk to be tested — 
say, about 5 gm. This is then i)laced upon a water-bath and evap- 
orated to dryness. It is now transferred to the water- or air-oven, 
and dried at 100° (" until it ce.ises to lose weight. The loss in 
weif,'ht repri'srnts the watrr ; the residue represents the total solids. 
Where great accuracy is unnecessary, the fat nia\- be determined in 
the residue by treating it with warm ether and pouring this through a 
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small filter, and repeating this process until the fat is completely 
dissolved out, which will require usually about 75 c.c. of ether. The 
ether is allowed to evaporate, and the fat which remains behind is 
weighed ; or, the residue left in the dish may be again weighed, when 
the difference between this weight and the weight of the dry solids will 
give the amount of fat. The results are about 0.3 per cent, too low. 

The ash may now be determined by igniting, at a dull-red heat, 
the residue left after treatment with ether until all the organic matter 
is burned off, weighing the residue, and calculating it as ash. 

The Centrifugal Method. — This method of separating the fat 
from milk for analytical purposes is quite satisfactory. The centrif- 
ugal machine has, in recent years, come into common use both in 
the chemical laboratory and in the physician's office. 

In Babcock's method the milk is mixed with an equal volume of 
commercial sulphuric acid in a specially constructed bottle, provided 
with a long, narrow, graduated neck. After whirling the bottle in a 
centrifugal machine, the fat is separated, and the percentage is read off 
on the scale on the neck of the bottle. Leffman and Beam * have 
modified the process by adding to the milk a small quantity of a 
mixture of amyl-alcohol and hydrochloric acid, before adding the 
sulphuric acid. The size of bottle, the quantity of milk taken, and 
the centrifugal machine used is somewhat different from those of 
Babcock. More recently, this method has been modified by Koplik 
so as to adapt it to the small centrifugal machines used by physicians 
(Fig. 12). This is especially valuable in the examination of human 
milk. It requires little skill, is quickly done, and the results are 
quite satisfactory. 

The necessary pipettes and bottles are shown in figure 7. 

The process of making a determination of fat by this method is as fol- 
lows : Fill the pipette to the mark with the milk to be examined. This 
represents 2.92 c.c. of milk. Introduce the end of the pipette care- 
fully, so that the end is well into the body of the bottle, before de- 
livering the milk. Cleanse the pipette, fill it with pure, strong sul- 
phuric acid, and pour this into the milk in the bottle, with the same 
care as before. Add 0.6 c.c. ofa mixture of equal parts of amyl-alcohol 
and pure concentrated hydrochloric acid. Mix the contents of the 
bottle by a rotary motion, and then fill the bottle with a freshly pre- 
pared mixture of equal parts of sulphuric acid and water. Two bottles 
are thus prepared and placed in the machine and rotated two or three 
minutes, when the fat will have separated and the percentage may be 



* "Analysis of Milk," P. Blakiston's Son & Co., Philadelphia. 
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read off on the graduated neck of the bottle. The space between the 
smaller lines represents 0.3 per cent, of fat. To insure greater 
accuracy, it is best to use a small hand magnifying glass, with the aid 
of which Yi or even ^ of a division may be read, and thus indicate 
o. I per cent. If the fat layer is seen to cover 8 divisions on the 
scale, the percentage of fat in the milk is 2.4. If it covers 10 divi- 
sions, it indicates 3 per cent, of fat. The amyl-alcohol and hydro- 
chloric acid mixture may be kept for some weeks, but when it has 
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These tubes are made by 



become dark-colored it must be renewed. 
Richards & Co., New York. 

For this estimation there is needed a specially graduated bottle {^A, 
Fig. 7), a pipette {B), delivering 2.92 c.r., for measuring the milk 
and the sulphuric acid, and a i-c.c. pipette ( C), graduated into tenths, 
for nuasuring the mi,\ture of amyl-alcohol and hydrochloric acid. 
Special aluminum receivers for the bottle (.•/) are adapted to the 
ordinary centrifuge, such as shown in figure 6. 
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Calculation of Fat from Total Solids and Gravity. — This 
method is useful when great accuracy is not demanded, and may be 
used in clinical examinations of human milk. It rests upon the 
assumption that one per cent, of milk solids not fat raises the specific 
gravity by a definite amount, while one per cent, of fat lowers it by 
a definite amount. An accurate determination of the specific gravity 
and total solids will, therefore, furnish the necessary data for cal- 
culating the amount of fat. The formula by which the calculations 
are made is that of Hehner and Richmond. It is as follows : 
F^o.859 T — 0.2186 G, in which F=;fat, T=total solids, and 
G = specific gravity, as expressed in the third and fourth figures. Or, 
when the fat is known, the formula may be transposed so as to 
calculate the total solids, as follows : 

„ F + 0.2186 G 



0.859 

The specific gravity must be determined with care, and for rapidity 
only 5 c.c. of milk are evaporated to dryness to determine the total 
solids. This may be conducted in a watch-glass, using 2 or 3 c.c, 
if a platinum dish is not at hand. 

To illustrate the use of these formulae let us assume, in the examination 
of a given milk, that the specific gravity, or G, was found to be 1030, 
and that the total solids, on examination, gave 12 per cent. Substi- 
tuting these figures in the above formula, we have : 

Fat = o.8S9Xi2 — o.2i86X30 = 3-75- 

Or, if the fat has been determined instead of total solids, and found 
to be 3.75 per cent., then : 

.^ , ,., -J.?? + 0.2186X30 

Total solids = ^ '=>^ Cut. = 12. 

0.859 

Another method has been proposed for calculating the solids not fat, from data 
afforded by the lactometer, specific gravity and Feser's lactoscope, by means of the 

formula , where G equals the specific gravity of the milk and A the remain- 
der obtained on multiplying the percentage of fat, as shown by the lactoscope, by 
o.ooi and deducting this from 1000. For example: Suppose in a given sample of 
milk the specific gravity, or G, is found to be 1030. The value of A in the above 
equation will be found by multiplying the per cent, of fat, 3 7, by o.ooi, which will 
be equal to 0.0037, which, deducted from 1000, equals 0.997. Substituting 1030 
for G, and this remainder, 0.997, for A in above equation, we have; 

1030 — 0.997 

^ 8.9 per cent, of solids not fat. 

0.0037 '^ 
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These short methods will be found useful in the examination of 
human milk, where long, tedious processes are not likely to be entered 
into. While some of them are not scientifically accurate, they 
are sufficiently so for clinical purposes and for the use of sanitary 
inspectors in sorting milks. 

In the accurate estimation of the fat in milk, the officially recog- 
nized method is that of Adams. Instead of drying the solids in the 
usual way, the milk is absorbed by bibulous paper previously thor- 
oughly exhausted with ether and alcohol. This paper is usually cut 
in the shape of long strips, and these are rolled into a coil 
and put in a special apparatus known as an extractor, and 
shown in figure 8. The coil is put into the chamber of 
the middle piece of the apparatus, which is then connected 
with a condenser, as shown. Sufficient ether to fill this 
chamber is put into the flask below, which is gently 
warmed. The ether distils up into the condenser and 
runs back upon the coil, filling the chamber until it flows 
over through the siphon-tube into the flask below. This 
is repeated until exhaustion is complete. The ether is 
finally distilled off, and the fat in the flask is dried and 
weighed. The results obtained by this method are about 
0.3 percent, higher than those obtained by the method 
above described, of evaporating in a platinum dish and 
treating with ether. This has been adopted by official 
chemists, both in England and in this country, as the 
standard method of estimating fat. For the accurate 
estimation of fat in milk in well-equipped laboratories, it 
leaves little to be desired in the way of accuracy, but is 
difficult without these facilities. 

Milk Standards. — For ordinary purposes the estima- 
tion of the total solids, the fat, and the ash are considered 
Fig. 8. sufficient to determine the question of the adulterations 
usually met with in the market. The standards that have 
been fixed by law in a number of the Slates all refer to specific gravity, 
fat, and total solids. Prosecutions are, therefore, usually based on 
these data. To calculate the percentage of pure milk in a mixture, the 
following formula mav he adopted, based upon the legal standard of 
the State of New York — viz., 12 per cent, of milk solids, 3 per cent, 
of fat, and 9 per cent, of solids not fiit : 

9 : solids not fat : : loo : x =r milk used in making 100 

parts of the mixture. 

For other standards the first member of the equation will be the 
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legal percentage of solids not fat. When the solids not fat are less 
than 9 per cent., it indicates some form of falsification. Suppose, for 
example, the solids not fat in any given analysis were 8. i. Substituting 
this in the above proportion, we have : 

9 : 8. 1 : : 100 : x = 90 ; 

or, this sample of milk had been made from 90 per cent, of milk and 
10 per cent, of water. If the milk is skimmed, the percentage of fat 
removed can be ascertained by the following formula : 

fXS — F = x; 

in which S = solids not fat, and F = fat found. Suppose, for ex- 
ample, the fat in a given case be 2 per cent, and the solids not fat 8 
per cent. Substituting these in the above equation, we have : 



s 



X8- 



that is, 2 per cent, of fat has been removed from this milk. 

The Estimation of Sugar. — For clinical purposes a sufficiently 
correct estimation of milk-sugar can be made by exhausting the resi- 
due that remains after the extraction of the fat from the dry solids with 
ether with weak boiling alcohol. This dissolves the sugar and the 
soluble portion of the ash. The solution is filtered, evaporated to 
dryness in a platinum or a porcelain capsule, and weighed. The 
residue is then ignited and the ash weighed and deducted from the 
weight of sugar and ash, to obtain the amount of sugar. 

Lactose may also be estimated with Fehling's solution, after 
coagulation with acetic acid and removal of the casein. 

The Determination of Casein. — Casein and albumin are gen- 
erally determined by difference.* When the direct determination is 
desired, they may be precipitated by tannin, filtered, the precipitate 
dried, and washed with a mixture of one part of alcohol to three of 
ether until the washings show no trace of tannin. The residue is then 
dried and weighed. 

The albuminoids can also be determined by the method of Ritt- 
hausen, who employs a solution of CuSO^, containing 6.5 gm. to 
the liter, and a solution of alkali of the strength of 14.2 gm. of 
KOH or 10. 2 gm. of NaOH to the liter. The copper salt precipi- 
tates the albuminoids, together with the fat. Twenty c.c. of milk are 
taken, and diluted with waterto 400 c. c. ; loc.c. of the copper solution 
are then added, with constant stirring, until the coagulum settles and the 
supernatant liquid is clear. The alkali solution is now added until the 
liquid is neutral, and the contents of the hepkei are filtered, using a 
6 
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previously dried and weighed filter-paper. The precipitate is all trans- 
ferred to the filter. It is washed first with water, then with diluted 
alcohol, and finally with ether, until all fat is removed. The remaining 
precipitate is again washed with alcohol and dried at iio° 0.(230° F.) 
and weighed. The bluish mass is burned, and the loss, after deduct- 
ing the weight of the filter-paper, is reckoned as casein and albumin. 

Estimation of Caseinogen and Albumin. — In the examina- 
tion of human milk, it is a matter of great importance to know the 
proportion between the albumin and caseinogen, because of the great 
importance of this ratio in infant nutrition. A rapid and easy method 
of separating these proteids for analytical purposes is very desirable, 
and several processes have been proposed. The most of them require 
too much time for clinical purposes. Berggran and Winkler have 
proposed a volumetric method based upon the fact that the proteids 
of milk form insoluble compounds with a solution of potassium- 
mercuric iodide containing ferric chloride, containing a fixed and 
known amount of free iodine. 

The solutions used are : 

1. A solution of 0.2 gm. of mercuric iodide dissolved in 10 c.c. 
of a 10 per cent, solution of potassium iodide. To this is added 
I c.c. of a 10 per cent, solution of ferric chloride, and the whole 
made up to 100 c.c. with water. This solution should be made fresh 
each twenty-four hours, as it does not keep well. The potassium- 
mercuric iodide and ferric chloride may be kept in two separate 
solutions, which may be mixed when required. 

2. A -j-^ normal solution of sodium thiosulphate, made by dissolv- 
ing 2.476 gm. of selected crystals in a liter of water. Each c.c. of this 
solution should exactly decolorize i c.c. of solution Xo. i in the 
presence of a few drops of starch solution. 

3. A solution of starch made by boiling i gm. of starch in 100 c.c. 
of water and filtering. The milk to be examined is allowed to stand 
until the cream has separated, or the most of the cream is separated 
with the centrifugal machine. 

Five c.c. of the skimmed milk are diluted with 20 c.c. of water, 
and to this exactly 5 c.c. of solution No. i are added. After 
standing five minutes, a few drops of solution Xo. 3 are added, and 
the solution titrated with solution Xo. 2 until the blue color is 
discharged. If the relation between solutions Xos. i and 2 is known, 
it is easy to determine how many cubic centimeters of solution 
No. I ha\ e been used by the proteids. 

Suppose, for example, 5 c.c. of skimmed milk be treated with 5 c.c. 
of solution No. 1, and the titration with solution No. 2 required 
0.4 c.c. 
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Suppose a previous titration of 5 c.c. of solution No. i required 5.3 
c.c. of solution No. 2. One c.c. of No. 2 then corresponds to 
5 -f- 5.3 = 0.943 c.c. of solution No. i, and to 0.000943 gm. iodine. 
The back titration in the above example required 0.4 c.c. of solution 
No. 2, and therefore there was the difference between 5.3 and 0.4 c.c. 
used by the proteid in the 5 c.c. of milk, or 4.9 c.c. 

4.9 X 0.000943 ^ 0.00462 =^ 0.00462 gm. iodine, combined with the proteids. 

By a large number of analyses, it has been found that i gm. of 
iodine is precipitated by 16 gm. of milk-proteids, and therefore by 
multiplying the iodine used by 320, the proteids in 100 c.c. of milk 
are found. In the above example : 

0.0046 X 320 = 1.472 gm. proteid in 100 c.c. of milk. 

To estimate the albumin, 10 c.c. of milk are put into a 50 c.c. flask 
or cylinder, diluted, warmed on a water-bath to 40° C, and a few 
drops of acetic acid added and made up to the mark. The liquid is 
filtered, 25 c.c. of filtrate taken (5 c.c. of milk), and treated exactly 
as above. The difference between the total proteids and the albumin 
obtained by the second titration will represent the caseinogen. 

Detection of Impure Water. — The addition of water to milk, 
if it be pure water, can be regarded as harmless to adults. It is rather 
a sophistication than a harmful adulteration. As this is usually well- 
water, which may itself be impure, it becomes a matter of impor- 
tance, because the water may carry with it germs of typhoid fever, 
cholera, or other diseases, and will impart to the milk infectious prop- 
erties. To detect impure water in milk the following process may be 
used : The milk is coagulated with acetic acid and filtered. To a 
suitable quantity of the whey add equal parts of a solution of naph- 
thylamin sulphate and a freshly prepared solution of sulphanylic acid 
in sulphuric acid. The test may be made in an ordinary test-tube or 
in a cylinder. If the milk contains nitrites, due to an impure water, 
a rose-red color will appear, varying in intensity with the amount of 
nitrites present, and deepening on standing. The test is very delicate 
(p. 147). The following may also be employed : 100 c.c. of the milk are 
boiled with 1.5 c.c. of a 5 per cent, solution of CaCl^, and filtered. 
A small portion of the filtrate is treated with H^SO^ containing 2 per 
cent, diphenylamin. This mixture is then floated upon concentrated 
HjSOj, when, if nitrates or nitrites be present in the milk, a blue zone 
will appear at the line of contract of the two liquids. Or, the test may 
be applied as follows : i c.c. of a solution of diphenylamin in H^SO^, 
is placed in a small porcelain dish, and a few drops of the milk allowed 
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to flow down the side into the acid. If the milk contains nitrites or 
nitrates, a blue color will appear at the line of separation between the 
acid and the milk. This test is very delicate, and will detect the 
presence of a very small quantity of impure water. Nitrites and nitrates 
are not found in milk, even if contained in the food of the cows. 

Determination of the Duration of Lactation. — For this pur- 
pose Umikoff suggests the color produced by ammonia in human milk. 
To 5 c.c. of the human milk to be tested, add 2.5 c.c. of a 10 per 
cent, ammonium hydroxide solution, and warm the mixture to 60° C. 
for fifteen to twenty minutes. Human milk when so treated assumes 
a reddish-violet color, the intensity of which increases with the dura- 
tion of lactation, from rose-violet to dark-brown violet. 

Condensed Milk. — Owing to the difficulty of keeping ordinary 
milk, several processes of preserving it by concentration have been 
employed. As early as 1837 Newton preserved milk by evaporating 
it in shallow pans at 50° C. (122° F.), during which time air was 
blown through the milk. From that time to the present, preserved or 
condensed milk has been an important article of commerce. When 
milk is simply evaporated, without the addition of a preservative, it is 
called condensed milk. This is also put into the market sometimes 
under the name of evaporated cream. This term is also applied to what 
properly should be termed preserved milk, or milk which has been 
condensed, with the addition of cane-sugar. Preserved milk is much 
thicker in appearance than condensed. Milk is usually condensed to 
about one-third its original volume, although the makers usually claim 
that it is condensed to one-fourth its original volume. Analyses of a 
large number of samples made at various times in this country give the 
average as a little short of one-third. The addition of 2 parts of 
water to i of condensed milk should, therefore, produce a milk of 
the same degree of richness as the whole milk before condensation. 
Analyses made by Cornwall, of the condensed milks found in the 
American market, showed the following average : 

Water 26.95 percent. Milk-sugar, .... 13.38 per cent. 

Milk solids, . . . j4-36 " Cane-sugar, . . . 38.S2 " 

Casein and albumin, 9.25 " Ash 1.92 " 

Fat, 9.69 " 

Calculating from these results, he found that the condensation 
varied from 2.27 to 3.12 times, the average of all analyses being 
aljout 2.74 times, or the milk was condensed to not quite one-third 
the original volume, ('ondensed milk is largely used as a nourish- 
ment for young infants. For this purpose it is usually diluted with 
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about 9 to 12 parts of water. Meigs has shown that if i part of the 
best commercial sweetened condensed milk be mixed with 9 parts of 
water, the mixture somewhat closely resembles in composition that of 
human milk, with the exception that it is deficient in fat, and that 
this mixture, with a small portion of cream added, gives a milk of. 
nearly the chemical composition of human milk. In digestibility, 
condensed milk is inferior to cows' milk or human milk. It is open 
to the objections above mentioned to sterilized milk. It is open to 
the additional objection that a large part of the sugar present, when 
sweetened milk is used, is cane-sugar instead of lactose, the natural 
sugar of milk. Cane-sugar more readily undergoes acid fermentation 
in the stomach or intestine of the infant than lactose. Infants fed 
exclusively upon condensed milk show a tendency to develop rickets, 
or, a failure of the nourishment of the bony structures. As a result, 
the development of the teeth, and the ability to walk are somewhat 
delayed. 



THE URINE. 

The urine is an excretory fluid thrown off by animals. It is par- 
tially filtered from the blood by the kidneys, and partly elaborated 
by these organs from waste materials found in the blood. It is com- 
posed of a watery solution of certain inorganic salts and nitrogenous 
principles which are of no further use to the body. As will be seen 
from the table at the end of this chapter, human urine is not a liquid 
of uniform composition, but subject to very considerable variations. \ 
These variations may be physiological, or they may be indicative of 
diseased conditions, and a knowledge of them is essential to a correct . 
diagnosis of many diseases. 

General Physical Properties. — Normal urine, when fresh, is a 
clear, amber-colored, transparent liquid, having a peculiar, aromatic, 
characteristic odor, a bitter, saline taste, a distinctly acid reaction, 
and a specific gravity of from 1018 to 1022. The average specific 
gravity is generally given as 1018 to 1020. When it is kept in a 
clean vessel and away from contact with air, it will undergo but slight 
changes in several days. 

Composition. — The urine is chiefly a solution of urea and certain ' 
organic and inorganic salts, holding in suspension epithelial cells and 
mucus. The composition will be found in the table at the end of' 
this chapter, with the chief variations met with in diseased conditions, 
and their significance. The urine, like milk and other animal 
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fluids, is not of constant composition. It is influenced by the amount 
of water and other fluids taken ; by the temperature of the skin ; by 
the emotions ; by the blood-pressure, local or general ; by the amount 
of work done, the time of day, the age, the sex, the influence of 
medicine, etc. 

Quantity. — The quantity of urine passed in twenty-four hours 
varies considerably. The average daily quantity passed by a healthy 
adult is from 1400 to 1600 c.c, or about 50 fluidounces. The 
quantity of total solids contained in this is about 60 gm., or 1000 grs., 
and about one-half of these solids is composed of urea. 

The variations in the quantity will be found in the table at the 
close of this chapter. 

The Color and Transparency. — In health, the color is usually 
a light amber. In general, the greater the quantity, the lighter the 
color; and the smaller the quantity, the darker the color. As the color 
deepens by concentration, it becomes more reddish. The color, as well 
as the quantity, is subject to great variations, even in health. It may 
vary from almost as clear as water to a dark yellowish-red, according 
to the degree of concentration. After drinking large quantities of 
fluids, the quantity is very much increased and the color is light. 
After severe sweating, or in abstinence from drinking, it becomes 
concentrated and darker in color. The normal color of the urine 
is due to several more or less closely allied pigments, the chief of 
which are urobilin and uroxanthin. (Seep. 526.) These color- 
ing matters are probably derived from the biliary coloring matters. 
The abnormal coloring matters are chiefly those of the blood or 
bile, melanin, hemoglobin, and coloring matters due to medicinal 
substances, and certain vegetables. An excess of the normal pig- 
ments of the urine may be expected in febrile conditions, and in 
diseases in which the blood-cells are undergoing rapid destruction. 
Urobilin, when it exists in excessive quantities, colors the urine a 
dark brownish-red, even without concentration, and the foam of such 
a urine is of a yellow or yellowish-brown color. There is a marked in- 
crease of urobilin in conditions where the hepatic cells fail to perform 
their proper function ; that is, in the condition known as biliousness. 
In such cases the skin and other tissues may also show the presence 
of the same yellow color. 

The Tests for Urobilin. — First. The spectroscopic examina- 
tion shows absorption bands in the green, between the lines b and F. 
In order to see these lines, it is often best to dilute the urine by 
pouring water carefully upon the top of the heavier urine in the test- 
tube. After allowing iho liquids to remain at rest for a short time, 
examine the water above the urine for the absorption bands. 
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Second. Chemically, we may test for urobilin by the addition of 
ammonia to the urine, when, if much urobilin be present, it gradually 
assumes a greenish hue. It is then filtered and a watery solution of 
ZnClg added, when there appears a rose-red color with greenish 
fluorescence, due to urobilin. 

Uroerythrin and urochrome have been described as occurring 
in urine, but little is known of them. 

Tlie coloring matters of the bile and the blood will be considered 
again. 

Certain medicines and vegetables, when taken by the mouth, may 
color the urine. Rliubarb and senna give the urine a brownish color ; 
if made alkaline, it becomes a purple-red. The coloring agent in this 
case is the chrysophanic acid found in these medicines. After taking 
logwood, the urine becomes reddish, or violet when made alkaline. 
Santonin colors it yellow or greenish-yellow, which, on the addition 
of an alkali, changes to red. Picric acid also gives a yellow color, 
which does not change to red on the addition of an alkali. Phenol, 
naphthalin, creosote, preparations of tar, or arsin (AsHj), impart 
either a greenish or a greenish-black color to the urine. Salol, 
resorcinol, antipyrin, and several other coal-tar remedies some- 
times cause the urine to assume a violet-red or brown color. Brown 
or brownish-black urine is observed in patients with melanotic tumors. 
The coloring matter in this case is melanin. 

Transparency. — Normal urine is transparent, containing only a 
slight flocculent cloud of mucus, visible after standing a few minutes. 
If the urine is turbid when passed, it is pathological. It is usually 
turbid in all diseases of the urinary passages, from the excessive 
amount of mucous and epithelial elements, and because the urine in 
this condition readily undergoes alkaline fermentation in the bladder, 
when the earthy phosphates are precipitated as a white sediment. In 
fevers, the quantity of urine is occasionally so small that the urates 
separate even in the bladder, and especially is this the case in certain 
diseases of children, where oxidation is deficient, as in capillary 
bronchitis and pneumonia. Admixtures of blood, pus, and chyle 
make the urine turbid. The most striking turbidity is produced by 
the admixture of chyle, which gives it a milky-white appearance. 
Here the pailky appearance is due to an admixture with the urine of 
emulsified fat and imperfectly dissolved proteids. Many urines which 
are clear when passed become turbid on standing, from the separa- 
tion of the acid urate of sodium or ammonium. The turbidity of 
alkaline urine has already been mentioned. All urines become 
turbid on standing for a few days, from the appearance of swarms of 
bacteria in the solution. Such turbidity can not be separated by 
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filtration through paper. They can be removed by shaking the urine 
with some insoUible powder and repeated filtration. Powdered glass, 
silica, or talcum answers the purpose. 

Specific Gravity. — This varies from 1015 to 1028, according to 
the degree of dilution or concentration. Pathological urines may 
vary from almost that of water to 1050. As a rule, the urine of 
Bright's disease is of low specific gravity, while in diabetes mellitus, 
and in all acute fevers, it is of high specific gravity. The specific 
gravity of urine is generally determined by the urinometer, which is 
a small hydrometer graduated to include the variations in specific 
gravity usually found in urine. (See p. 21.) It is usually graduated 
so that only the last two figures of the specific gravity appear upon 
the stem, and so as to read correctly at 60° F. If the temperature is 
above 60° F., it will be sufficiently accurate for clinical purposes to 
add one degree in specific gravity for every 3° C. (5.4° F.) in tempera- 
ture — /. e., if it read 1018 at 80° F. , it would read 1024 at 60° F. 
The ordinary urinometers of the market are apt to be unreliable. 
It is best, therefore, to test the instrument by careful determinations 
of the specific gravity of solutions of common salt, with the specific 
gravity flask, and compare the readings of the urinometer with these 
determinations. 

The urinometer is used as follows : The urine is placed in the 
upright jar, or cylinder, wide enough and deep enough to allow the 
instrument to float freely. When it has come to rest, the surface of 
the fluid in the jar is brought to the level of the eye, and the reading 
taken at the lower edge of the meniscus formed by the upper surface 
of the urine. The mark on the instrument which is cut by this line, 
and which can be distinctly seen, is taken as the correct reading. If 
the urine be turbid, this method can not be employed, as the reading 
will be more or less uncertain. Should the quantity of urine at hand 
be not enough to float the urinometer, it may be diluted with an 
equal volume of water, the specific gravity taken, and the last two 
figures multiplied by two, to get the true specific gravity. 

Reaction. — Normal urine is faintly acid, and grows more acid for 
a few hours after being voided, due to the so-called " acid fermen- 
tation." During this period of acid fermentation there is frequently 
deposited a whitisli or pinkish, or, at times, reddish sediment, due to 
the separation of the acid urate of sodium or to crystals of uric acid. 
This sediment disappears again on warming the solution. On stand- 
ing still longer exposed to the air, the acidity grows less and less, and 
at the same time an odor of ammonia begins to be developed, and 
finally the reaction r.hanges from acid to neutral, and from neutral to 
alkaline, with a strong odor of ammonia and more or less odor of 
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putridity. The rapidity with which these changes take place is de- 
pendent upon the composition of the secretion, and upon the tem- 
perature, taking place more rapidly in warm than in cold tempera- 
tures. An abundance of mucus, which can usually be seen after a 
few hours as a light, flocculent cloud, settling near the bottom of the 
vessel containing the fluid, greatly hastens these fermentative changes. 
This is especially the case if the bladder or the kidneys are in a dis- 
eased condition. There is produced with the mucus, especially in 
diseased conditions of the bladder, a peculiar soluble ferment, which 
hastens the decomposition of urea and the production of ammonium 
carbonate. 

The reaction of urine is best tested by dropping a small piece of a 
red and a blue litmus paper into the solution. If both are found red 
after a few minutes, the reaction is acid. If both are blue, it is 
alkaline. If they remain unchanged, the reaction is said to be 
"amphoteric." If the alkalinity be due to ammonium carbonate, 
the red paper, on drying and warming over a flame, turns red again. 
If due to the fixed alkalies, it remains blue on drying and warm- 
ing. 

The fermentation of urine is due to certain micro-organisms, of 
which the micrococcus urese is the best known. Normal urine is free 
from these organisms when passed, but in certain abnormal conditions 
it may undergo an alkaline fermentation while still in the bladder, and 
that apparently without the intervention of these organisms. It has 
been found that the fermentation may be complete in the presence of 
an amount of carbolic acid which is fatal to the development of micro- 
organisms. It has been assumed that an enzyme is secreted with the 
thick, mucous secretion of vesical catarrh, which possesses active hydro- 
lytic powers on a solution of urea. As the urine becomes alkaline, 
from the production of ammonium carbonate from urea, it becomes 
turbid and acquires a paler color. CO(NH)^ + 2Up = (NHJ.CO,. 
The phosphate of calcium and the ammonium-magnesium phosphate, 
which separate when the urine becomes alkaline, and to which the 
turbidity is due, are generally called the earthy phosphates. The 
latter of the two is called the triple phosphate, and is found in nearly 
all alkaline urines. 

Estimation of Acidity. — The acidity of the urine diminishes 
slightly after a full meal. It follows very nearly the acidity of the 
stomach contents. It is increased by gastric fermentation and in 
hyperchlorhydria. 

The acidity of the urine increases with the amount of uric acid excreted. The 
total acidity of normal urine is equivalent to the acidity of 2 to 4 gm. of oxalic 
acid in twenty- four hours. The greater part of this acidity is due to the acid sodium 
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phosphate produced by the reaction of uric acid upon NagPOj, and the rest is due to 
the organic acids, most liltely lactic. 

NajPOj + aCjHjN.OjHj = 2NaHC5HjN,Og + NaH^PO^. 

The acidity reay be estimated by a decinormal solution of sodium 
hydroxide : 25 c.c. of the urine are diluted with 75 c.c. of water in a 
beaker ; 3 drops of an alcoholic solution of phenolphthalein are 
added, and a decinormal alkali run in from a burette, until a slight 
pink color is produced. The urine must be fresh for this estimation. 
Instead of phenolphthalein we may use blue litmus paper as an in- 
dicator, taking out a drop of the solution on a glass rod from time to 
time, and touching the paper. A violet tint indicates neutrality. The 
acidity may be calculated as phosphoric acid, as acid sodium phos- 
phate, or, as is frequently done, as oxalic acid. Each c.c. of the 
decinormal alkali is equivalent to 0.0049 S™- ^^ phosphoric acid, or 
0.012 gm. (0.01198 more exactly) of acid sodium phosphate, NaH - 
PO^, or 0.0063 of oxalic acid ; 100 c.c. of urine should require from 
20 to 40 c.c. of J^NaOH. 

Total Solids. — As stated above, the normal amount of solids 
passed by an adult in twenty-four hours is about 60 gm., or 1000 grs. 
An approximate estimation of the total solids may be made by 
multiplying the last two figures of the specific gravity, carefully 
taken, by the factor 2.33, which will give the number of gms. of 
solid matter in 1000 c.c. of urine, from which it will be easy to 
calculate the amount in twenty-four hours. If, for example, the quan- 
tity in twenty-four hours be 1500 c.c, and the specific gravity 1020, 
the total solids would be 20 X 2.33 =46.6 gm. of solids in 1000 c.c. 
In 1500 c.c. there will be 1.5 times as much, or 69.9 gm. If it be 
desired to use English measures, we may determine the total solids 
by multiplying the last two figures of the specific gravity by the 
number of fluidounces passed. This calculation is based upon- the 
result of numerous exact determinations, which show that the last two 
figures of tlie specific gravity very nearly represent the number of 
grains of solid matter in one fluidounce of urine. Thus, if the num- 
ber of fluidounces be 50, and the specific gravity 1020, then the total 
solids will be 50 X 20 = 1000 grs. These methods of calculating 
the total solids give only approximate results, but in most cases will 
be found sufficiently accurate for clinical purposes. 

A more exact method for determining tlie total solids is to evaporate 10 c.c. in a 
porcelain dish or watch glass, and dry in a water-oven to constant weight. The 
difference between the weight of the dish and of the divh with the solids, will give 
the weight of the solids in 10 c.c. of urine. Even by this method there is some loss 
during evaporation. 
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Odor. — The odor of normal urine has been described as aromatic. 
A putrid odor is due to the products of decomposition. Occasionally 
the urine is putrid when passed, the putridity being due to the de- 
composition of pus, albumin, or some other foreign matter mixed 
with the urine in tlie bladder. Sulphuretted hydrogen sometimes 
occurs in the urine, and a fecal odor is occasionally met with, indi- 
cating a fistulous opening between the bladder and the intestine, or 
an abscess between the bladder and rectum. A number of sub- 
stances, when taken internally, cause the urine to assume a char- 
acteristic odor. Many aromatic substances impart their odor, as oil 
of turpentine (giving the odor of violets), cubebs, copaiba, asparagus, 
garlic, valerian, etc. 



INORGANIC CONSTITUENTS OF THE URINE. 

The urine contains certain inorganic salts, especially the chlorides 
of potassium and sodium, the phosphates of potassium, sodium, 
magnesium, and calcium, and the sulphates of some of these metals, 
and several aromatic sulphuric ethers. These salts are generally 
tested for by the detection of the corresponding acids. 

The Chlorides. — For the detection of the chlorides, add a few 
drops of nitric acid, and then a solution of silver nitrate (i : 20). 
The chloride of silver separates as a white, curdy precipitate, which 
should occupy not more than one-fourth the volume of the urine 
taken. If the settled precipitate occupies much more or less than 
one-fourth the volume of the quantity of urine taken, the quantity is 
increased or diminished. It is always best, in making this test, to 
compare the specimen under examination with normal urine. In 
most cases this approximate estimation of the chlorides will be all 
that the clinician will demand. Occasionally, however, it becomes 
necessary to make a more accurate determination. For this purpose 
it is necessary to have a decinormal solution of silver nitrate — /. e., a 
solution containing 16. g6 gm. of pure silver nitrate, dissolved in a 
liter of distilled water. 

Quantitative Estimation of Chlorides. — Dilute 10 c.c. of the urine with about 
50 c.c. of water, and add a few drops of a rather strong solution of potassium chro- 
mate. Now drop the silver solution from a graduated burette (see Fig. 64) drop by 
drop, until a permanent reddish color indicates ihat the chlorine has all been precipi- 
tated, and that the silver has begun to form silver chromate. Ten c.c. of urine 
usually requires 15 to 20 c.c. AgNOj solution. One c.c. of silver solution represents 
0.00354 gm. of chlorine, or 0.00584 gm. of NaCl. In highly colored urines this 
method is sometimes inapplicable, owing 10 the change of color being masked by the 
color of the urine. In such cases it is best to use the following method : 

Second Method. — When to a solution of silver nitrate, acidulated with nitric 
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acid, sulphocyanate of ammonium or potassium is added, a white precipitate forms, 
which is insoluble in nitric acid. If the fluid contains a ferric salt, a blood-red color 
forms at the moment when the last of the silver is precipitated. Volhard's method 
of estimating the chlorides makes use of this principle. The following solutions are 
needed in the process : (I) Pure nitric acid. (2) A strong solution of ferric alum (sul- 
phate of iron and ammonia) free from chlorine. (3) A decinormal nitrate of silver 
solution, made by dissolving 16.96 gm. in a liter of distilled water. (4) A deci- 
normal soluiion of potassium sulphocyanate, or of ammonium sulphocyanate; this 
should be of exactly the same strength as the silver solution ; it is made by dissolv- 
ing 6.5 or 7 gm. of the sulphocyanate in about 400 c.c. of water. To standardize 
the sulphocyanate solution, a portion of it is put into a burette, and 10 c.c. of the deci- 
normal silver nitrate solution brought into a beaker with a few drops of the solution 
of iron alum. The mixture is well stirred and the sulphocyanate solution added, drop 
by drop, until a slight but permanent pink color appears. In accordance with the 
result obtained, the sulphocyanate solution is diluted to such a point that 10 c.c. of it 
will just neutralize to c.c. of the AgNOj solution. If, for example, 8 c.c. of the 
sulphocyanate produce a red color, we then know the amount of sulphocyanate in 8 
c.c. is that which should be in 10 c.c. Therefore, we dilute the 8 c.c. with a suffi- 
cient amount of water to make it 10 c.c, or if we have 450 c.c. we shall add to 
every 8 c.c, 2 c.c. of water, or we make the calculation by the following pro- 
portion : 

8 : 10 : : 450 : x = 562.5, or 450 c.c. of the solution first made up will require to 
be diluted to 562.5 c.c, or there must be added 125.5 '^■^- °f water. Having thus 
corrected this solution to make it agree in strength with that of the silver solution, 
we again compare them to see if it is correct. 

The process is conducted as follows : 10 c.c. of the urine are measured out with 
a pipette and placed in a graduated flask of 100 c.c. capacity ; 50 c.c. of water 
are added, and then, successively, 4 c.c. of nitric acid and 25 c.c. of silver solution. 
The flask is closed with a glass stopper, and agitated until the precipitate cea-es to 
form, and the fluid tends to clear. Distilled water is added, to the 100 c.c. mark. 
A portion of the. fluid is then passed through a dry filter, and to 50 c.c. of this filtrate 
add a few drops of the iron-alum solution, and then the sulphocyanate solution from 
the Ijurette until a red color appears. The amount of sulphocyanate solution added, 
deducted from the amount of silver solution added, gives the amount of silver solution 
used up by the chlorine in one-half of the 10 c.c. of urine, or 5 c.c. 

The calculation is the same as in the first method. 

The Phosphates. — Phosphoric acid exists in the urine about two- 
thirds combined with the aliialine metals and the remainder with lime 
and magnesium. These phosphates are, therefore, generally distin- 
guished by the terms alkaline and earthy phosphates. 

The acidity of the urine is generally believed to be due to the 
acid sodium phosphate, NaH,PO,. Sodium phosphate, Na^HPO,. 
is neutral in reaction, and Na,PO^ is alkaline. 

In acid urines we have NaH^PO^, Na^HPO,, CaHPO^, CaH,(PO,)„ 
and MgHPO^; while in alkaline urines we find in solution Na,POj, 
and as precipitates Ca,(POJ.,, Mg3(POJ,, and MgNH,PO.. 

By adding an alkali to normal urine the phosphates of calcium 
and magnesium, termed earthy phosi)hates, are precipitated. When 
Nil OH is added, all the magnesium present is precipitated as 
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NH^MgPO^. The phosphates of sodium and potassium remain in solu- 
tion. 'ITie earthy phosphates may be approximately estimated by 
adding a few drops of ammonium hydroxide solution to the urine, 
and observing the amount of turbidity produced after boiling. This 
may be quickly done by the use of the centrifuge, in the graduated 
tube, and measuring the volume of the precipitate. By comparing 
this with the amount obtained by the same treatment of normal 
urine, it will indicate whether the quantity is excessive or deficient. 
The alkaline phosphates may be detected in the filtrate from the 
earthy phosphates by the addition of a few drops of MgSO^ solution 
and some NH^Cl. This precipitate should be about twice as volumi- 
nous as that produced by the earthy phosphates, and whether in excess, 
normal, or deficient, may best be determined by comparison with 
normal urine. The exact quantitative estimation of the phosphates is 
rarely required. 

Sulphates. — Sulphuric acid occurs in the urine partly in com- 
bination with the metals, and partly in combination with certain 
aromatic bodies of putrefactive origin, called collectively the ethereal 
sulphates. The most important of these are phenol- and cresol-potas- 
sium sulphates, indoxyl- and skatoxyl-potassium sulphates, pyro- 
catechin- and hydrochinon-potassium sulphates. The two classes of 
sulphates are generally distinguished as the preformed or mineral 
sulphates, and the conjugate or ethereal sulphates. About 
nine-tenths of the total sulphuric acid are combined with the metals or 
are preformed. About one-tenth exists as ethereal sulphates of po- 
tassium. (See p. 471.) The preformed H^SO^ is detected by the 
addition of BaCl^ in the presence of free HCl. It appears as a fine, white 
precipitate of BaSO^, rendering the solution opaque, and milk-like in 
appearance. An approximate estimate may be made by comparing 
the turbidity with that of normal urine treated in the same way. An 
excess of sulphuric acid may be due to the taking of an excessive 
amount of sulphates with food or drink. It is the ethereal sulphates 
that have the chief clinical interest. They are derived from the 
putrefactions of proteids somewhere in the body. In the absence of 
any other source, an increased quantity of them present in the urine 
is usually taken as evidence of intestinal putrefaction. They are de- 
composed, on boiling with dilute mineral acids, into free sulphuric acid 
and the aromatic substance. The sulphuric acid which they contain is 
not precipitated in the cold by a slightly acidulated solution of barium 
chloride. An approximate estimation of the ethereal sulphuric acid 
may be made by precipitating the urine with an excess of barium 
chloride and a few drops of hydrochloric acid, filtering off the pre- 
cipitated BaSOj, and then adding to the filtrate one-tenth its volume 
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of pure HCl, bringing the solution to boiling, and then heating on a 
water-bath for one hour. The BaSO^ obtained after this treatment of 
the filtrate represents the sulphuric acid existing as ethereal sulphates. 

Potassium Indoxyl-sulphate, or Indican. — CgH^X-SO^K. 
It is easier to test for the aromatic portion of the ethereal sulphates, 
and make an approximate estimation, than to estimate the sulphuric 
acid. This is especially true of indoxyl, the most important of them. 
It is found in normal urine in mere traces. It has a clinical import 
only when present in increased amount. It then has the same signifi- 
cance as the ethereal sulphates. 

Indoxyl may be detected by the addition of an equal volume of 
strong hydrochloric acid, and dropping into this 2 or 3 drops of a 
solution of chlorinated soda. Immediately, or after a few seconds, 
there is formed just beneath the surface a bluish-black cloud of indigo. 
By stirring the chlorinated soda solution into the urine, we obtain, 
according to the quantity of indican present, a more or less dark col- 
oration of the whole fluid. If we now shake the fluid with chloroform, 
the indigo is dissolved out by the chloroform and settles as a blue 
layer at the bottom. Care must be taken not to add too much of the 
chlorinated soda. We can judge of the amount of indoxyl by the 
depth of the blue color. 



ORGANIC CONSTITUENTS. 

Urea. — C.O(NHj)j. Urea is the most important constituent of the 
urine, as it is the chief condition in which nitrogen leaves the body. 
It is by far the most abundant solid ingredient of the urine. Its 
chemical properties have already been described (p. 455). 

Detection. — Urea may be detected by evaporating a few drops of 
urine on a glass slide, moistening the residue with nitric acid and 
allowing it to crystallize, and examining the crystals of urea nitrate, 
CO(NHj)jHNO,, under a microscope of low power. 

Estimation. — The estimation of urea in urine is a matter of 
considerable importance, as it is generally looked upon as an index 
of the nitrogenous metabolism going on in tlie body, or of the 
eliminating power of the kidneys. The quantity of iirea excreted 
in twenty-four hours by a healthy adult of 130 pounds bodv-weight, 
and doing ordinary work, is usually stated to be from 30 to 33 
gm., or from 430 to 550 grs. The quantity will be increased bv an in- 
creased consiim|)tion of nitrogenous food or by hard w ork, and it 
will be diminished by a non-nitrogenous diet and by little exercise. 
In estimating what should be regarded as a normal amount of urea, 
the condition of the patient, as to exercise, appetite, and diet.iry. 
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should be taken into account. Roughly, in the absence of sugar, 
albumin, and other abnormal ingredients, the urea may be regarded 
as one-half the total solids. The more accurate quantitative estima- 
tion requires so little time, apparatus, and skill that it is now very 
generally employed. The determination is based upon the fact that 
urea is decomposed by alkaline hypochlorites or hypobromites into 
carbon dioxide, water, and nitrogen. 

CO(NH2)2 + 3NaBrO = sNaBr + CO^ -|- zUfi + N^. 

One c.c. of nitrogen at the ordinary temperature and pressure 
corresponds to about 0.0027 g™- of urea. 

The liberated N escapes, and may be collected and measured, while 
the other products of the reaction remain in solution. 

The hypobromite solution is prepared as follows : 1 00 gm. of 
NaOH are dissolved in 250 c.c. of water, and to this 
solution, when cold, 25 c.c. of bromine are added, 
and the solution kept cold. This solution contains 
sodium hypobromite, hydroxide, and bromate. The 
solution should be freshly prepared, as it readily un- 
dergoes decomposition. Owing to the instability of 
this solution and the excessively disagreeable handling 
of bromine, the author employs a solution of sodium 
hypochlorite, or chlorinated soda, with the addition 
of KBr. This solution acts as well, by the method 
to be described, as the above. Various forms of 
apparatus have been devised for the quantitative esti- 
mation of urea. The simplest of these is the one 
devised by Dr. C. A. Doremus, which is represented 
by figure 9. The tube. A, is filled with the above- 
mentioned solution of hypobromite, and i c.c. of Fig. 9- 
urine is introduced with the pipette, B, as nearly as 
possible at the center of the lower portion of the upright limb. The 
urea is decomposed and the N rises to the upper, closed end. After 
the decomposition is complete, the urea is determined by reading the 
graduations at the surface of the column of liquid. This ureometer, 
according to the graduation, gives either the milligrams of urea in 
I c.c. of urine, the percentage, or grains per fluidounce. 

The author uses a graduated tube closed at one end. The gradua 
tions indicate at once the number of grains of urea in a fluidounce of 
urine, when i c.c. is taken for the estimation. (See Fig. 10.) The 
ordinary gas-tube may be used, when the readings will give the c.c. 
of nitrogen, from which the urea is calculated. 

The process is conducted as follows : A 20 per cent, solution of 
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KBr is added to the fifth division of the ureometer. Chlorinated soda 
sohition is then added to the fifteenth or twentieth division. The tube 
is now inclined and pure water poured carefully down the side of the 
tube and floated upon the top of the fluids already in it ; i c.c. of urine 
is then added, in the same inclined position, so that it will not mix 
with the reagents below, but remain in the water at the surface of the 
fluid. The tube is now firmly grasped in the right hand, with the 
thumb tightly pressed upon the open end. The tube is now inverted, 
and the contents well mixed. A rapid decomposition takes place, 
which is usually ended in from three to five minutes. During this 
time the liquid is kept agitated without violent shaking. As soon 
as the effervescence has ceased, the reading 
is taken at the surface of the fluid, with the 
tube still held in the inverted position. 
It is now opened under water, when the 
column of fluid in the tube will fall, and 
the reading is again taken. It is best to have 
a wide, deep jar for the water, so that the 
tube may be depressed to bring the surface 
of the liquid in the tube to the surface of 
the water in the jar ; but an ordinary bowl 
may be used, as the error caused by the 
difference in level of three or four inches 
of water is very slight. The difference in 
the two readings gives the number of grains 
of urea in a fluidounce of urine. This 
quantity, multiplied by the number of fluid- 
otmces passed in twenty-four hours, gives 
the amount of urea excreted in twenty-four 
hours, which should be not far from 500 
grains. A less quantity than 350 grains in 
an adult of 150 pounds body-weight, who is 
eating the usual amount, should be regarded 
as pathological, and suspicious of renal in- 
sufficiency, or nephritis. 

Uric acid, C^H^Xp,, is a constituent of 
normal urine, sometimes occurring in the 
free state, but oftener in combination with potassium, sodium, am- 
monium, and occasionally with calcium and ma-nesium, called col- 
lectively urates. For the description of this acid see page 466. 

Uric ac id is soluble in 14,000 parts of cold water, and is, there- 
fore, frecjuently met with as a sediment, and is then detected by mi- 
croscoi)ical examination. In quantity it varies from 0.4 to i.o gm. 



V 



Fig. 10.— Ureometer. 
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(from 6 to 15 grs.) in twenty-four hours. The ratio of uric acid to 
urea is about r : 40 to i : 50. 

Detection. — It is best recognized, when in tlie free state, by the 
microscope. The crystals, as seen with this instrument, are colored 
yellow or reddish by the pigment uroxanthin, and appear in a variety 
of shapes, the most common being the "lozenge" or "whetstone" 
shape. They are sometimes large enough to be seen with the naked 
eye, when they appear as minute, garnet-colored grains, adhering to 
the sides or upon the bottom of the vessel. 

Chemical Tests. — No. i, Murexid Test.— Evaporate a por- 
tion of the urine to dryness in a porcelain dish upon a water-bath. 
Moisten the residue with nitric acid, and, after evaporating off the 
acid, moisten the residue with ammonium hydroxide. If uric acid be 
present, either in the free state or combined, the residue assumes a 
beautiful purple-red color, due to the formation of murexid. The 
reaction is said to occur also with xanthin, hypoxanthin, tyrosin, and 
some other bodies. 

No. 2, Carbonate of Silver Test. — Render the urine decidedly 
alkaline with Na^COj or K^CO,, and moisten a filter-paper with the 
liquid. Now touch the moistened paper with a glass rod dipped in a 
solution of AgNO,. A distinct gray stain indicates the presence of 
uric acid. 

£stimation of Uric Acid. — The estimation of uric acid is usually 
attended with much difficulty and consumption of time. The author 
has devised the following volumetric method, which is fairly rapid, 
reasonably accurate, and requires little skill. It can therefore claim 
a place as a clinical method. The process is based upon the well- 
known fact that uric acid is completely precipitated from its solutions 
containing an excess of ammonium-magnesium mixture and am- 
monium hydroxide, by silver nitrate. When- the precipitation is 
complete, the slightest trace of silver in solution is shown by the dark 
color produced in a drop of the clear solution by a soluble sulphide. 

The solutions required are : 

I N 

1. A — normal solution of AgNOj, made by diluting I volume of a — 

solution with 4 volumes of distilled water. 

2. Magnesium mixture, made to contain about 10 gm. of crystallized MgSO^, 
12 gm. of NH^Cl, and 100 c.c. of aqua ammoniae (U. S. P.). 

3. A solution of ammonium sulphydrate, or potassium sulphide. This 
solution should be freshly made, and of such strength that its color is nearly that of 
the urine. 

When the urine contains a sediment of uric acid, or acid urates, it is to be put in 
solution by warming with a few drops of NaOH solution before beginning the 
process, and the excess of alkali neutralized with acetic acid. In very dark fever- 
urines it is best to dilute with an equal volume with water. The titration is 
7 
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performed in a hot solution, to prevent the precipitaiion of the xanthin bases by 
silver nitrate. 

The process is conducted as follows : To 50 c.c. of the clear urine add 5 c.c. of 
the magnesium mixture and about 10 c.c. of ammonium hydroxide (sp. gr., 0.960), or 
enough to give a decided excess. Warm the solution on a water-bath, and add 
from a burette a ^j normal solution of silver nitrate. From time to time a drop 
is removed from the solution, by means of a dropper-pipette, with a bit of absorbent 
cotton wound tightly over the end, so as to make an efficient filter, and after 
removing the cotton filter, bring a drop of the solution in contact with a drop of the 
weak potassium sulphide solution on a white porcelain surface. Experiments with 
pure water showed that it required yi c.c. of the silver solution in 50 c.c. to give 
a marked reaction. This amount must therefore be deducted from the reading. 
The titration is continued until a dark ring or cloud is seen at the line of contact 
of ihe two drops, showing the presence of silver in the solution. Each c.c. of silver 
solution corres|Jonds to 0.00336 gm. of uric acid, and the number of c.c. used (less 
^2 c.c. for each 50 c.c. of urine), multiplied by this factor, gives the number of 
grams of uric acid in the urine taken. From this we may easily calculate the amount 
in loo c.c. or that excreted in twenty-four hours. 

As soon as the process is complete, the precipitate rapidly settles, and it is best to 
draw off a drop or two from this clear supernatant liquid and test it carefully again. 
We may also check our work by running in another drop of the silver solution, to 
see if it produces a cloud, or to see if the precipitation be complete. As there is no 
excess of silver in the hot liquid at any time, there can be no reduction of silver. 

If, after the titration is complete, the solution be cooled, it will usually be found 
that it will require from I to 3 c.c. of the silver solution to again produce the 
end reaction, because of the precipitation of the xanthin bases as silver compounds. 
The formula of the xanthin-silver compound is AgjO.CjHjNjOj. The factor for the 
N 
— AgNOj solution is 0.0015 — 'l"^' 's, if we calculate them all as xanthin, each 

c.c. of silver solution used in the cold solution, more than is required by the hot 
solution, corresponds to the above amount of xanthin bases. 

By making two titrations, the one in the hot and the other in the cold urine, we 
may estimate both the uric acid and the xanthin bases, the latter by the difference 
in the results of the two titrations. 

ABNORMAL CONSTITUENTS OF URINE. 

These are albumin, globulin, albumose, peptone, glucose, acetone, 
diacetic acid, bile-coloring matters, biliary acids, blood, blood-color- 
ing matters, pus, chyle, and abnormal sediments, such as tube-casts, 
excessive amount of epithelium cells, mucus, etc. 

Albumin. — Albumin is found in the urine, at times, without ap- 
parent disturbance of health. Usually, however, it is regarded as 
pathological, and is so often associated with various inflammatory dis- 
eases of the kidney that its presence is often taken as evidence of some 
one of these diseases. It occurs principally in the form of serum- 
albumin. It is coagulated by a teni]K'rature of from 73° to 75° C. 
(163.4° to 167° F.). In all cases the urine should be clear before 
api)lying the tests for albumin. If not clear, it should be either settled 
and decanted or filtered. It is sometimes necessary to shake the urine 



Digitized by Microsoft® 



ABNORMAL CONSTITUENTS OF URINE. 75 

with pulverized talc, or other powder, before filtering, to get it clear.* 
The tests for albumin usually depend upon its coagulation and the 
formation of a turbidity in the solution. A few tests depend upon a 
change in color. The tests that are most satisfactory when applied to 
the urine are as follows : 

1. Heat about 5 c.c. of the urine to boiling in a test-tube. It is 
then examined for even the slightest amount of turbidity. This tur- 
bidity, if present, will be due to albumin or earthy phosphates. 
Now add, slowly, a few drops of acetic or nitric acid. If the turbidity 
be due to the phosphates, it disappears ; while if due to albumin, it re- 
mains permanent. Care must be taken, in the addition of the acid after 
boiling, to note the effect after each drop is added, and to go on adding 
until there can be no doubt that the urine is distinctly acid. This test 
will show traces of albumin under the most favorable conditions. 

2. The Contact Method. — Place 2 c.c. of pure HNO, in a 
narrow test-tube, and, inclining the tube to one side, pour the urine 
carefully down the side of the tube so that it may float upon the acid. 
This is best done with a dropper-pipette, or by pouring the urine from 
one test-tube into another, holding both in a nearly horizontal position. 
If this be done carefully, there will be very little admixture of the two 
liquids. If albumin be present, a white, opaque zone of coagulated 
albumin appears at the line of contact of the two fluids. A brown 
zone will frequently be seen at this point, which grows in intensity on 
standing, and is due to the action of the acid on the coloring matters, 
but it does not give any turbidity unless albumin is present. If bile 
be present, the color may be green ; if blood, brown-red. This test 
is decidedly more delicate than No. i. 

Precautions. — Occasionally after the administration of turpentine, 
or balsams and resins, these are precipitated by HNO, as a yellow- 
white cloud, which, however, is soluble in alcohol. I have never seen 
the uric acid, sometimes set free by HNO3, resemble the precipitated 
albumin nearly enough to be mistaken for it. Roberts modifies this 
test by using, instead of pure nitric acid, a mixture of i volume of HNO3 
and 5 volumes of a saturated solution of MgSO^. This reagent is as 
sensitive as HNO3, and pleasanterto handle. It is used in the same way. 

3. Acetic Acid and Potassium Ferrocyanide. — Acidulate 
the urine with acetic acid, filter if much, mucin is precipitated, and 
then add a few c.c. of a solution of potassium ferrocyanide. Or, 
better, float the acidulated urine over the K^FeCy^ solution. If albu- 

* Turbid urines may be rendered clear by adding a few drops of MgSOj solution, 
then an excess of NH^OH, and filtering from the phosphates. The urine is then 
acidified with acetic acid. 
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min be present, it appears as a white jjrecipitate. This reagent does 
not precipitate peptone, mucin, or alkaloids. It is a very delicate and 
reliable test. 

4. Picric Acid with Acetic Acid. — A cold, saturated solution 
of picric acid may be used by the contact method, after previous 
acidulation of the urine. At the line of contact the albumin appears 
as a white zone. Heat afterward to dissolve alkaloids, mucin, pep- 
tones, and urates, which are precipitated with the albumin. It is 
belter to heat the urine before adding the test solution. 

5. Sodium Tungstate Solution. — Reagent : Made by mixing 
equal parts of cold, saturated solutions of sodium tungstate and citric 
acid. As its specific gravity is heavier than that of urine, it is best 
applied by the contact method, adding the reagent first. This is an 
extremely delicate test, and precipitates at the same time peptones, 
mucin, some alkaloids and urates, all of which, except mucin, are 
dissolved by heating. 

6. Tanret's Test (Potassio-mercuric Iodide Test). — Re- 
agent prepared as follows: Mercuric chloride, r.35 gm. ; potassium 
iodide, 3.32 gm. ; acetic acid, 20 c.c. ; distilled water, 80 c.c. The 
HgClj and KI are separately dissolved in water and then mixed, and 
the acetic acid afterward added. The resulting liquid is heavier than 
urine (sp. gr., 1040), and is best used by the contact method. Itis ex- 
ceedingly delicate, detecting i part of albumin in 20,000 parts of urine 
Heat to dissolve the alkaloids, mucin, and peptone, as in tests 4 and 5. 

Jolles suggests the following very delicate reagent : Mercuric chlor- 
ide, 10 ; succinic acid, 20 ; sodium chloride, 10 ; distilled water, 500. 

7. Acidulated Brine Test. — Reagent: To a pint of a satu- 
rated solution of common salt add i ounce of HCl, and filter if 
necessary. This is a delicate test for albumin when properly used. 
It has a high specific gravity, and is best used as follows : 1 he solu- 
tion is heated to boiling, and the urine added by the contact method. 
If albumin be present, it appears as a zone at the contact surface. It 
does not precipitate peptone, albumose, or the alkaloids. 

8. Trichloracetic Acid. — This is a white, crystalline acid, some- 
times employed as a test for albumin. It may be used in the form of 
a saturated solution by the contact iiiethod, or the crystals may be 
added directly to the urine, when they will form a strong solution at 
the bottom of the tube. It jiresents no decided advantages over the 
tests above mentioned. 

9. A solution of salicyl-sulphonic acid in water, or the crystal- 
line acid added directly to the urine, is a very delicate test for all 
forms of albumin, jirecipitating albunmscs and peptones, but not alka- 
loids or mucin. The albumoses and peptones dissolve on heating, to 
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reappear on cooling. A large excess of mucin, or nucleo-albumin, may 
give a cloudiness with this reagent. It is a white, crystalline acid, 
formed by saturating strong H^SO^ with salicylic acid, and setting 
aside to crystallize. 

10. Metaphosphoric or glacial phosphoric acid has also 
been recommended by some as a reliable test for albumin in urine. 
A solution of resorcinol in water (i : 3) has also been highly 
recommended. 

Albumin test-papers, suggested by Dr. Oliver, may be prepared 
by saturating bibulous paper in solutions of potassiomercuric iodide, 
of potassium ferrocyanide, and of citric acid. To use these 
papers the urine is acidified with one of the citric acid papers, r- 
and then either a potassiomercuric iodide or a potassium Pi 
ferrocyanide paper added. 

The quantitative estimation of albumin is of consider- 
able importance, but somewhat difficult to perform. Com- 
parative tests are all that the clinician will usually find neces- 
sary. The easiest approximate method is to boil a given 
quantity of the urine in a test-tube, add 2 or 3 drops of 
nitric acid, set aside for twelve hours, and note the volume 
occupied by the precipitated albumin. This is generally 
spoken of as volume per cent., and has no relation to 
actual percentage. 

A more accurate method, and one sufficiently so for clinical 
purposes, is with Esbach's albuminometer. This con- 
sists of a graduated glass tube, shown in figure 11. To use 
the instrument, fill to U with urine, and to R with the test ^"^- "■ 
liquid. Close the tube by a rubber stopper, mix by agitation, 
and set aside for twenty-four hours. Each of the main divisions which 
the precipitate covers represents i gm. of albumin in i liter of urine. 

' Test solution : Picric acid, < 10 gm. 

Citric acid, , . .20 gm. 

Water, , 1000 gm. 

Comparative tests may be made by adding any of the above reagents 
to a measured volume of urine, and then placing the tube in the 
centrifugal machine, separating the coagulated albumin and measuring 
its volume. 

Densimetric Method. — Acidify the urine with acetic acid ; take 
the specific gravity as accurately as possible, noting the temperature. 
Coagulate the albumin by boiling, and filter from albumin. Bring the 
filtrate to the same temperature as before, and take the specific gravity 
again. The difference in specific gravity degrees, multiplied by 0.4, 
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gives the grams in 100 c.c. of urine. Or, a difference of one degree in 
specific gravity gives 0.400 gm. albumin in 10 c.c. of the urine. It 
will be seen, therefore, that the specific gravity should be very accu- 
rately taken with the picnometer. 

Serum-globulin, or paraglobulin, is usually associated with 
serum-albumin, from which it may be separated. It may be detected 
in the urine as follows : To a large volume of water in a beaker or 
urine-glass let fall a few drops of albuminous urine. If globulin be 
present, each drop as it falls will be followed by a milky train, which, 
when enough is added, forms an opalescent cloud in the water. The 
addition of acetic acid dissolves this cloud. This test depends upon 
the fact that globulin is soluble in a weak solution of sodium chloride, 
such as urine is, but on greatly diluting this solution the globulin 
becomes insoluble. It is, therefore, precipitated by diluting the urine 
until the specific gravity is 1002 to 1003. 

It may be precipitated by rendering the urine slightly alkaline with 
NHjOH, filtering to separate the phosphates, and adding to the fil- 
trate an equal volume of a saturated solution of ammonium sulphate. 
If a precipitate forms, it is globulin. It occurs with serum-albumin, 
and rarely without it. It is most abundant in lardaceous kidney, in 
some cases of acute nephritis, and in the temporary albuminuria of 
disordered digestion. 

Albumoses, or Propeptones. — To test for albumose it is best to 
first remove the albumin. This is best done by acidifying the urine 
with a few drops of acetic acid and adding about one-third its volume 
of a saturated solution of common salt, boiling and filtering. Albumin 
and globulin are thus removed. The filtrate is allowed to cool, and 
any turbidity which separates on cooling, or after ihe further addition 
of the salt solution, and which disappears, by heating to reappear 
again on cooling, is albumose or propeptone. 

Or, after the removal of the albumin and globulin as above, the 
solution may be saturated with ammonium suljjhate, when albumose, 
if present, will be precipitated. The only disease with which it 
appears to be associated is osteomalacia. 

Peptone. — Peptone is not present in normal urine, but is occa- 
sionally found, either with or without albumin. Peptone differs from 
albumin and albumoses, in that it is not precipitated by tests Xos. i, 2, 
3, 7, and 8, but is precipitated from a cold solution by Xos. 4, 5, 6, and 
9, and by tannin, phosphotungsticacid,* and Millon's reagent, ^\'hen 



* Phosphotungstic acid is made liy adding lljPt^, to a hot solution of sodium 
tungstate till decidedly acid. Cool, and under strongly acid with acetic acid or 
IICl. Filter after standing overnight. 
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precipitated by tests 4, 5, 6, and 9, it is dissolved when the solution is 
warmed, and separates again as it cools. Peptone gives with the 
biuret reaction a rose-red color, while albumin gives a purple or 
blue. 

Tests for Peptone. — These all require previous treatment of the 
urine. If albumin be present, it should first be removed, either by 
saturation with ammonium sulphate and filtration, or by the addition 
of acetic acid and DOtassium ferrocyanide, and filtering. It is usually 
desirable to decolorize the urine by the addition of a solution of lead 
acetate, as long as it produces a precipitate, and filtering. This treat- 
ment is not always necessary. The test may now be applied to this 
■filtrate. Phosphotungstic acid, acidulated with acetic acid, added 
to this filtrate, or to the solution from which other proteids have been 
removed, will precipitate peptone, if present ; but if it be present in 
small quantities, the cloudiness appears only after five to ten minutes. 

A less sensitive test than the above is made by floating the urine 
upon some Fehling's test solution. At the point of contact, a delicate 
rose-red zone will indicate peptone. When positive, this test is valuable; 
but when negative it will not prove the absence of traces of peptone. 

The presence of peptone in the urine, although it is not positively 
settled, is believed to be due in most cases to the disintegration of 
pus-corpuscles somewhere in the body, and the absorption of the de- 
composition products. It is found in many of the acute fevers and in 
many acute suppurative processes. It may serve to indicate whether a 
pleuritic effusion is purulent or not, and to distinguish tubercular from 
epidemic cerebrospinal meningitis, as the latter is usually attended 
with peptonuria, while the former is not. 

Mucin, or Gluco-proteids. — Mucin is secreted by the healthy 
mucous membranes. It can not be regarded, therefore, as abnormal 
in the urine until it is present in increased amount, and then it indi- 
cates an irritated or inflamed condition of the membranes of the 
urinary tract. It is not precipitated from its solutions by boiling, 
but is precipitated by alcohol, dilute mineral acids, acetic, picric, and 
citric acids. It is best detected, in clear urines, by its forming a 
sediment on standing, which floats as a translucent cloud near the 
bottom of the containing vessel, but not upon it. It may also be de- 
tected by floating the urine upon a solution of citric or acetic acid, 
when just above the line of contact a somewhat indefinite zone or 
coagulum gradually makes its appearance. Albumin, when present, 
is not precipitated by these acids without the application of heat. 

We may also precipitate mucin by the addition of about two parts 
of alcohol to one part of urine, when mucin and any albuminoid, 
bodies present will precipitate. The precipitate may be filtered out^ 
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washed with alcohol, and the mucin dissolved out with warm water, 
or lime-water, when it may be precipitated from the filtrate again 
with alcohol or the dilute acids. 

Accidental Albuminuria. — Whenever the urine contains blood, 
pus, or serous discharges it will of necessity contain albumin. Fibrin 
will be found when there are hemorrhages from the genito-urinary 
passages, and in intense or acute inflammations of the kidneys. It 
also occurs in the urine of most cases of chyluria. It is readily 
recognized by its spontaneous coagulation, forming a thick, gela- 
tinous, glairy mass, separatmg at the bottom of the containing vessel. 
The coagulum may be filtered out and its solubility determined. If 
insoluble in dilute alkalies and ten per cent. NaCl solution, it is 
fibrin. 

Blood. — The presence of blood may be detected most readily 
and certainly by the microscope, when the red blood -corpuscles may 
readily be seen. 

Guaiacum Test for Blood. — Mix a small portion of the urine 
in a test-tube with an equal volume of a mixture of freshly prepared 
tincture guaiacum and spirits of turpentine. The turpentine should 
previously have been exposed to the air for some time. If blood- 
coloring matter be present, the mixture assumes an indigo-blue color, 
whose rapidity of formation and depth of color depend upon the 
amount of blood -coloring matter present. Pus frequently, if not 
always, gives the same color. Saliva and salts of iodine also give a 
blue color with this test, but the color due to these substances appears 
only after a considerable lapse of time, and is seldom likely to mis- 
lead. From the depth of the color of the urine, and the rapidity of 
the appearance of the blue color, one can judge of the relative 
amount of blood present. The spirits of turpentine used in this test 
may be rei)laced by a solution of peroxide of hydrogen, or a mixture 
of ether and H^O^ (ozonic ether). 

Having determined that blood is present in the urine, it is a. difficult matter to 
decide whether the albuminuria is due entirely to the albumin introduced with the 
blood, or whether it is a true allniminuria of renal or inflaramator>- origin. This will 
often depend upon other symptoms than those to be found in the urine. Dissolved 
blood-coloring matter is sometimes met with in the urine, when it is called hemo- 
globinuria. In hemoglobinuria, blood-corpuscles are not to be found with the 
microscope, while in hematuria the corpuscles are found. It occasionally happens 
that the urine rapidly becomes all^nline after being secreteil. and the red blood- 
corpuscles are disintegrated and dissolved by the alkaline urine. The urine contain- 
ing the dissolved corpuscles is then always alkaline, while the urine of true hemo- 
globinviria is usually acid. We may conveniently distinguish, then, two conditions: 
In one, the bloudcoloriiij,' matter is in solution, and in the other it is in suspension 
as blood corpuscles. In the former case the coloring matter will not separate on 
sinnding, while in the latter there will usually separate, within a few hours, a more or 
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less abundant red sediment. If the hemorrhage be a profuse one, especially if from 
the bladder or ureters, the blood will almost all of it settle to the bottom of the contain- 
ing vessel, and leave a clear yellow, almost normal-looking urine above; while if the 
hemorrhage be a gradual oozing, as in acute inflammation of the kidneys, the coloring 
matter will remain in suspension and the liquid retain its color for many days. It is 
not unusual to have hemoglobinuria and hematuria together, especially in acute 
diffuse nephritis, or in malarial hematuria. 

If we add an alkali to urine containing blood, the earthy phosphates 
are precipitated, carrying down with them the blood-coloring matter 
and forming a blood-red deposit. By the application of heat the 
sediment deposits more rapidly, and the solution may assume a green 
color. If the urine is already alkaline, and the phosphates have 
separated out, we can produce a precipitate for the purpose of carrying 
down the blood-coloring matter by the addition of a few drops of a 
solution of MgSO^. Hemin crystals may be prepared from the 
above precipitates, by spreading a small portion of them upon a glass 
slide, and treating this with a crystal of common salt and a drop or 
two of glacial acetic acid, covering with a cover-glass, warming it 
gently, and examining, after a few hours, with the microscope. The 
crystals appear as small, oblique plates of a dark-red or brown color. 
They are easily recognizable by a good jj^-inch lens. 

Pus. — If the urine contains pus it will always be turbid to the 
naked eye, and rapidly deposit a white or greenish-white sediment. 
The clear solution will be found to contain albumin and globulin. 
The application of heat to the sediment does not dissipate it, as it 
does the sediment of urates. Neither is it dissolved by dilute acids, 
as is the somewhat similar-looking precipitate of the earthy phosphates. 
A whitish sediment, therefore, which is insoluble with heat or dilute 
acids, and which dissolves in strong alkaline solutions, giving a 
gelatinous, ropy liquid, is probably pus. (Donne's test. ) When pus is 
treated with a solution of hydrogen peroxide it undergoes rapid 
effervescence. This is a valuable test for pus in the urine or in other 
fluids. The microscope is a more certain test for pus. Having 
detected pus in the urine, it is sometimes very difficult to determine 
whether the albuminuria accompanying it is accidental^/, e., whether 
the albumin is derived from the pus, or whether there is a true albu- 
minuria due to some disease of the kidney. The symptoms of the 
patient will assist in determining in many cases, though not in all. 

Sugar. — It has been claimed by many that dextrose occurs in 
normal urine, and it has been disputed by equally good authority. 
The most delicate tests do detect glucose in most urines otherwise 
normal, though not in all. Suffice it to say, that the usual tests, and 
those here mentioned, except iVIolisch's, will not detect this substance 
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in normal urine. Its appearance, then, in sufficient quantities to be 
detected by any of them must be regarded as abnormal. 

When glucose occurs in the urine in an appreciable amount, it 
is known as glycosuria. When its occurrence persists for a consid- 
erable time and in considerable amount, and is attended with an in- 
creased amount of a light-colored urine, generally of a high sp)ecific 
gravity, and an increased daily excretion of urea, it is pathological, 
and the disease is known as diabetes mellitus. The specific 
gravity is some guide to the detection of diabetes mellitus, but the 
specific gravity alone is not conclusive. A high specific gravity, with 
a large quantity of light-colored urine, is strong presumptive evidence 
of diabetes mellitus. The finding of sugar in such a case is confirma- 
tory. The detection of sugar in the urine is a comparatively simple 
process. 

Tests for Glucose. — Trommer's Test. — To 4 or 5 c.c. of 
urine, in a test-tube, add one-half its volume of sodium hydroxide 
solution, and i or 2 drops of a solution of CuSO^ (i to 10). If sugar 
be present, a clear, deep-blue color is obtained. If an excess of copper 
sulphate be added, a clear solution may not be obtained, and will, in 
this way, disturb the test. The solution is now to be heated almost 
to boiling, but it is better not to boil. If sugar be present, at first a 
greenish and then a yellowish turbidity forms, which rapidly changes 
to a reddish-yellow color, and precipitates red cuprous oxide. A 
flocculent precipitate of the earthy phosphates always forms on adding 
the alkali, and must not be mistaken for suboxide of copper. Urine 
containing uric acid, the xanthin bases, creatinin, indoxyl-sulphates, 
peptone, lactose, glycuronic and glycosuric acids, mucus, and other 
substances found in some urines will decolorize the blue solution, but 
there will be no red precipitate. In fever urines, this decolorization 
without precipitation interferes greatly with the employment of this 
test. It is, therefore, not to be relied upon in doubtful cases. 

To eliminate this source of trouble with the copper test, it is best to 
use a solution of the acetate of copper, or sodium acetate added to the 
sulphate, to precipitate the uric acid, xanthin, hypoxanthin, and 
the most of the creatinin and phosphates, filter, and apply the test to 
the filtrate. 

From 7 to 8 c.c. of the urine are heated to boiling in a test-tube, and, 
without filtering from any precipitate that may form, adding i c.c. of 
the coijjicr sulphate solution; then, when partially cooled, i to 2 c.c. 
of asaturated solution of sodiimi acetate, having a slight acid reaction, 
and filter. To the filtrate, which should have a greenish-blue color, 
add the alkali, or, better, the alkaline tartrate solution used to make 
Fehling's solution, and boil for fifteen to twenty seconds. Thus niodi- 
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fied, the copper test is much more reliable. Most of the interfering 
substances may be separated by adding to the hot urine one-fourth its 
volume of a 10 per cent, solution of lead acetate, filtering off the 
precipitate, and testing the filtrate for sugar. 

2. Other Forms of the Copper Test. — Haines' solution is 
made by dissolving copper sulphate in a mixture of equal quantities of 
glycerin and water. This solution may be used in larger quantities 
than the aqueous solution of copper used in Trommer's test, and some 
of the difficulties of that test overcome. The decolorizing effect of 
normal urine is not sufficient to decolorize a large amount of copper 
solution. By adding a considerable amount of Haines' solution 
before heating, this error is partially eliminated. Fehling's solu- 
tion is sometimes employed as a qualitative test, but usually only as a 
quantitative test; Haines' solution has all the advantages of Fehling's, 
with the additional advantage that it keeps well. 

3. Bismuth Test. — To a few c.c. of the urine, in a test-tube, add 
an equal volume of sodium hydroxide, and then a fragment of bismuth 
subnitrate ; mix well and boil for from three to five minutes. If sugar 
be present, black metallic bismuth will be deposited as a sediment. 
If the quantity of sugar be small, only a part of the bismuth will be 
reduced, and the precipitate will appear gray. Albumin must be 
removed before this test is applied, or it will be decomposed by 
boiling with the alkali, forming the sulphide of bismuth, which will 
give a black precipitate. 

4. A better form of this test is as follows : A solution is made of 
bismuth subnitrate, 2 gm. ; Rochelle salt, 4 gm. ; sodium hydroxide, 
8 gm. ; and distilled water, 100 c.c. The urine is heated to boiling 
and a few drops of this alkaline solution of bismuth added, and, on 
continuing the boiling, if sugar be present, the mixture turns black. 
As in the previous test, albumin must be absent before this test is 
applied. This reagent is exceedingly delicate, and it is claimed to 
detect 0.025 per cent, of glucose. 

5. Picric Acid Test. — To about 5 c.c. of urine add one-half as 
much of picric acid solution (as in testing for albumin), and then 
2 c.c. of sodium hydroxide, and boil. If sugar be present, a dark, 
mahogany-red color is developed. If no sugar is present, a dark hue 
is developed before boiling, but not the dark color above described. 
If albumin be present, a turbid ity will form on the addition of the 
picric acid, but it does not interfere with the test. 

6. Moore's Test. — Add to the suspected urine one-half its volume 
of sodium hydroxide solution, and boil. If sugar is present, a dark- 
yellow, brown, or chocolate color is produced. The depth of color 
is proportional to the amount of sugar present. 
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7. Indigo-carmine Test.— Reagent : Mix i part of indigo- 
carmine, or of dried commercial extract of indigo, with 30 parts of 
pure, dry sodium carbonate. To 5 c.c. of the suspected urine add 
enough of the above powder to give a transparent, blue solution, and 
heat to boiling without agitation. If sugar is present, the solution 
changes to violet, cherry-red, and finally yellow. On agitation, these 
colors appear in the reversed order. 

Instead of extract of indigo, a solution of sulphate of indigo with 
an excess of sodium carbonate may be employed. None of the ordi- 
nary constituents of the urine affect this test, while many substances 
occurring in the urine affect Fehling's solution. Many other sub- 
stances which reduce the alkaline copper solution do not affect the 
indigo-carmine test. In careful hands it is to be recommended as a 
sensitive and reliable test for glucose in the urine. 

8. A solution of methylene-blue (0.333 gm. per liter) has been 
used as a test for sugar. Five c.c. of this solution are mixed with 2 
c.c. of sodium hydroxide, 2 c.c. of urine added, and the solution is 
boiled for one minute. If sugar be present, the blue color is dis- 
charged, but returns on standing. 

9. Safranin is another coloring matter used as a test for sugar. 
Mix equal volumes of sodium hydroxide, safranin solution (i gm. to 
the liter of water), and the urine, and heat to boiling. If sugar be 
present, the red color is changed to a yellow. Uric acid, creatin, 
creatinin, chloral, and chloroform do not give the test. Albumin 
must be removed. The test seems reliable. 

10. Phenyl-hydrazin Test. — For the details of this test see glu- 
cose, in part v of this book. 

11. Alpha-naphthol Test. — Molisch's Test. — To i c.c. of 
the urine add 2 c.c. of a 10 per cent, solution of a-naphthol in pure 
methyl- or amyl-alcohol, and after mixing add an excess of H,SO,. 
If sugar be present, a deep-violet color is developed. On dilution 
with water a blue precipitate occurs, which is soluble in alcohol, 
ether, and potassium hydroxide, to give a yellow solution. If, in- 
stead of naphthol, we use thymol or menthol, a deep-red color is 
produced, which gives a carmine-red, flocculent precipitate on dilu- 
tion, which dissolves as above with the formation of a yellow solu- 
tion. This test is exceedingly delicate, and reacts with most sugars 
and glucoside.s. Lfrea, indican, creatinin, xanthin, uric acid, hippuric 
acid, phenol, and pyrocatechin give negative results. .\s many normal 
urines respond to this test, Molisch concludes that they contain sugar. 

The Quantitative Estimation of Dextrose. — This is generally 
made with Feliling's solution. This solution is best prepared in two 
parts, which are kept sc[)arately, as the completed solution does not 
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keep well. These solutions are prepared as follows : No. i. 34.639 
gm. of pure, recrystallized copper sulphate are dissolved in distilled 
water, and made up to exactly 500 c.c. No. 2. 175 gm. of crystal- 
lized Rochelle salt and 60 gm. of sodium hydroxide are dissolved in 
distilled water and made up to exactly 500 c.c. When needed for 
use, exactly equal volumes of these two solutions are mixed. The 
solution will be of such strength that 10 c.c. are decolorized by 0.050 
gm. of dextrose or diabetic sugar. 

The process is conducted as follows : Ten c.c. of Fehling's solution 
are measured out into a beaker or porcelain basin, diluted with about 
40 c.c. of water, and brought to the boiling point. The urine is 
delivered into this blue solution from a burette, until the blue color is 
just discharged. The amount of urine added is then read off from 
the burette, and this amount contains 0.050 gm. of sugar. From 
this it is easy to calculate the quantity contained in 1000 c.c., 
or a liter. If the urine contains a considerable quantity of sugar, it 
will be necessary to dilute it with four volumes of water before be- 
ginning the titration, when the results of the titration should be multi- 
plied by five. It is always somewhat difficult to determine the exact 
disappearance of the blue color, owing to the presence in the solution 
of the precipitated suboxide of copper. This difficulty may be over- 
come by the addition of some substance that will prevent the precipi- 
tation of the cuprous oxide, as NH^OH, KCy, or K^Fe(CN)g. 

The author's method is as follows: Ten c.c. of Fehling's solu- 
tion are measured out into a suitable flask. To this 10 c.c. of a freshly 
prepared 10 per cent, solution of potassium ferrocyanide are added, 
and about 30 c.c. of water. The mixture is heated on a water-bath, 
and the urine, previously diluted with water, if it contains much sugar, 
is run in from a burette, drop by drop, until the blue color just disap- 
pears. This can readily be seen, as the solution remains clear to the 
end of the reaction. The addition of the slightest excess of sugar 
shows itself by the solution becoming quickly brown. By careful 
comparative tests the author has found this method to be accurate, 
reliable, and rapid, provided the solution be not boiled during the re- 
duction. The best temperature for the process was found to be 
between 80° and 90° C. (176° to 194° F.). 

Estimation by the Polariscope. — This is a convenient and 
rapid method for the determination of glucose, when the quantity ex- 
ceeds I per cent., and when all the appliances are at hand, which is 
seldom the case except in well-equipped laboratories. The method, 
briefly, is as follows : The suspected urine, freed from albumin, is 
treated wilh a solution of basic lead acetate, in the proportion of 1 to 10 
of the urine, and filtered. The observation -tube of the polariscope is 



Digitized by Microsoft® 



86 CLINICAL CHEMISTRY. 

filled with this fluid, when it is placed in position, and the rotation 
determined. 

The readings must be increased by one-tenth (allowance for the 
lead acetate solution). 

The specific rotatory power of dextrose is -f- 52.5°. (See p. 52.) 
The weight of the sugar in the solution will be given by the for- 
mula: W = — — — T ; in which a ^ observed rotation, 1 the length 

of the tube in decimeters, and W the weight of sugar in i c.c. of the 
solution. 

Suppose, in a given case, the rotation observed was 4°, after allowing 
for the lead solution, and the length of the observation tube was two 

decimeters. We then have W= — ^r^, or = 0.038 gm. in i 

52-5 X 2 52-5 
c.c. of urine, or 3.8 per cent. 

As levulose sometimes occurs with dextrose in cases of diabetes, and 
as it will rotate the plane of polarized light to the left instead of to 
the right, and, in fact, as there are a number of substances likely to 
occur in the urine which rotate the plane of polarized light, this 
method of determining sugar is not free from error. 

Lactose, or milk-sugar, occurs in the urine of nursing women or 
of women soon after weaning. Its recognition requires first its sepa- 
ration from the fluid. 

Dextrin has been found in the urine of diabetics, where it seems to 
take the place of dextrose. Other carbohydrates found rarely in the 
urine are pentoses, maltose, and animal gum. 

Acetonuria. — Normal urine contains traces of acetone, but it occurs in excessive 
quantities as a pathological condition. It is found in many of the fevers, certain 
forms of cancer, in starvation, and in certain nervous troubles accompanying diabetes. 
The commonest of these is febrile acetonuria. The appearance of acetone in dia- 
betes indicates an advanced stage of the disease, but it decreases in diabetic coma. 
It is always associated with an increased proteid metabolism, and is looked upon as a 
product of proteid decomposition with deficient oxidation. It is closely allied to 
certain other substances found in some urines. These are hydroxybutyric acid, 
aceto acetic acid, also called diacetic acid. The following formulae will show the 
relations of these bodies : 

Hydroxybutyric .icid CH,— Cn(OH)— CHj— COOH. 

Acetoacetic acid (diacetic acid), . . CH,— CO— CH,— COOH. 

Acetone (dimethylketone), .... CH,— CO— CH,. 

Aldehyde CH3— COH. 

Acetic acid CH,- COOH. 

Detection. — Legal's Test. — Four or five c c. of the urine are treated with a few 
drops of a freshly made solution of sodium nitropnisside, and then with a strong solu- 
tion of N11/)H. The red color pnnluced. which appears in from five to ten minutes 
of acetone be present, gives place to a purple or violet color on the addition of acetic 
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acid. For a more accurate test it is necessary to distil the urine, and apply this or 
the following test to the distillate : 

Lieben's Test. — To several cubic centimeters of the distillate add a few drops 
of a solutioii of iodine in potassium iodide, and then a solution of KOH. If merely 
a trace of acetone be present, a precipitate of iodoform crystals is deposited. This 
test is reliable and delicate in the absence of lactic acid and alcohol, but if NHjOH 
be used for the KOH, alcol ol will not form iodoform, while the acetone will do so. 

Diacetic acid appears in the urine of diabetics and of certain fevers, and is always 
an abnormal constituent. It is most common in the contagious fevejs of childhood, 
and in such cases has little significance ; but in adults it is a grave symptom, as it 
usually precedes the advent of coma. It usually occurs together with acetone, 
and in the presence of ferric chloride produces a wine-red color, which is not 
entirely characteristic, because other substances produce the same color. The 
following process will serve for its detection : A fairly strong solution of ferric 
chloride is cautiously added to the urine, and if a phosphate precipitates, this is 
removed by filtration, and more ie^C}^ added to the filtrate. If a red color appears, 
it is divided into two portions. One portion is boiled, whIst the other is treated 
with HjSOj, and extracted by shaking with ether. Urine that has been boiled loses 
its red color, this color being destroyed by boiling. After treatment with H^SOj and 
shaking with ether, the aceto-acetic acid will be found in the ether. The ether may 
now be evaporated, and the residue treated with FcjClg solution, when the violet- 
red color will be obtained if it be present. The urine for this test must be fresh, as 
diacetic acid is rapidly converted into acetone on standing. Acetone is an oxidation 
product of diacetic acid. If the quantity of acetone be large, it may cause toxic 
symptoms. 

Hydroxybutyric acid is found in the blood of diabetic patients, and its oxida- 
tion produces diacetic acid. The relation of these three bodies is then oxybutyric 
acid, diacetic acid, and acetone, in the order named. It gives the same color-reac- 
tion with Fe^Clg as diacetic acid. It is best to separate it from the urine with ether, 
as above described for diacetic acid , before applying the test. 

Lipaciduria is a term which has been applied to the condition in which volatile 
fatty acids are found in the urine. These occur normally in traces, especially formic, 
acetic, and butyric acids. As a symptom of disease, however, they are of no signifi- 
cance. Formic, acetic, propionic, and butyric acids have occasionally been detected 
in the urine of fevers, in certain diseases of the liver, and in diabetes. For their 
detection the urine is distilled with phosphoric acid, and the test applied to the dis- 
tillate. For simpler tests we may apply the following : Acetic acid may be detected 
by the odor of acetic ether when the distillate is warmed with alcohol and sulphuric 
acid. Ferric chloride gives a red tint, which disappears on boiling if acetic acid is 
present. Formic acid gives a white precipitate with silver nitrate, which blackens 
on warming. 

Fat. — Fat occasionally occurs in the urine, and gives to it a more 
or less turbid appearance, which clears on shaking the solution with 
ether. On separating and evaporating the ether, the fat remains be- 
hind. In chyluria the opacity is due both to the fat and to albumin- 
ous substances in imperfect solution. In some cases the appearance 
of this turbidity is intermittent, appearing only at certain times of the 
day; in others it is constant. In some cases chylous urine deposits 
a spontaneous clot of fibrin, while in others it does not. The fat may 
be separated by extraction with ether, but the turbidity still remains. 
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In some rare cases, however, the turbidity disappears with the extrac- 
tion of the fat. 

Detection. — Its detection is usually sufficiently easy from the 
milky-white color, and the separation of the fat on standing. Micro- 
scopically, the fat globules can be detected in some cases, but in others 
the microscope fails to reveal them. The author has seen a case 
where they were not visible with a J^-inch objective. 

Bile. — Urine containing bile usually has an abnormal color — 
either a brilliant yellow, a greenish-yellow, or brown. When the bile 
is abundantly present, the froth or foam produced on shaking the 
urine is quite permanent, and is more or less colored. A piece of 
filter-paper or linen moistened with such urine retains the yellow 
color on drying. 

Gmelin's Test. — Upon i or 2 c.c. of a partially decomposed 
yellow nitric acid, in a test-tube, carefully float 4 or 5 c.c. of the sus- 
pected urine. If bile-coloring matters be present, a succession of 
colors will appear in the urine, beginning with green, then passing 
through blue, violet, red, and yellow, the green appearing at the 
top and the others below, in the order named. The green color is 
always present when bile is present, but the reddish-violet color must 
not be taken for evidence of bile, as the normal coloring matters of 
the urine may produce such a coloration. 

If the decomposed nitric acid, or nitrous acid, be not at hand, it 
may readily be prepared by adding a fragment of zinc to ordinary 
pure nitric acid. This test may also be applied as follows : The urine 
may be mixed with a concentrated solution of sodium nitrate, and the 
mixture floated upon sulphuric acid, when the play of colors will be 
obtained as before; or a crystal of sodium nitrate may be dropped 
into strong sulphuric acid, and the urine floated upon this. 

Tincture of Iodine Test. — Upon the surface of the urine in a 
test-tube, float a few drops of tincture of iodine. At the line of con- 
tact of the two fluids there appears, after a few minutes, a beautiful 
emerald-green zone when biliary coloring matters are present. This 
test seems to be delicate and reliable.* 

Biliary Acids. — While the acids usually occur in the urine of 
jaundiced patients, along with the coloring matters, their detection is 
not so easy. We may use the following test : Evaporate the liquid to 
dr)ness, and treat the residue, consisting of biliary salts, with alcohol, 
and filter. After evaporating the alcohol, apply Pettenkofer's test 
(see p. 468) to a solution of the residue in water. Dr. Oliver's 



* Jolles s;iys lliat antiiiyrin in urine gives a similar green color. 

Digitized by Microsoft® 



ABNORMAL CONSTITUENTS OF URINE. 89 

peptone test is, however, applicable to urine. The reagent is pre- 
pared as follows: Pulverized peptone, 2 gm.; salicylic acid, 0.250 
gm.; acetic acid, 2 c.c; distilled water, sufficient to make 250 c.c. 
The urine, rendered perfectly clear by filtration, is rendered acid and 
diluted until the specific gravity is 1008. One c.c. of this diluted 
urine is run into about 4 c.c. of the above test solution. If biliary 
salts are present, a distinct milkiness promptly appears, but it becomes 
more intense in five minutes. Albumin, if present, should be sepa- 
rated before the application of this test. The test is very delicate, 
and apparently reliable. 

Diazo-reaction. — This reaction is one that is obtained in the urine of persons 
suffering from certain specific fevers, especially typhoid fever, measles, septicemia, 
and in some cases of phthisis. The reagent is made as follows : One gm. of sulph- 
anilic acid is dissolved in a mixture of 350 c.c. of water and 15 c,c. of hydrochloric 
acid. A second solution is made by dissolving 0.5 gm. of sodium nitrite in loo c.c. 
of water. Five c.c. of urine are mixed with an equal volume of sulphanilic acid 
solution, and then with 3 or 4 drops of the sodium nitrite solution, and, finally, 10 
drops of ammonia water. Normal urine shows with this test a yellow or orange 
color, and a precipitation of phosphates. In certain of ihe above-named diseases, 
especially in typhoid, the urine gradually assumes a carmine-red color. The froth 
produced on agitation is also distinctly red, and the precipitated phosphates show a 
green or violet color. Many phenol derivatives give a similar color-reaction with the 
above test, and may lead to erroneous conclusions. According to Ehrlich, this reac- 
tion is characteristic of the urine in typhoid, measles, and acute tuberculosis. Others 
deny the value of the test, the difference being possibly due to the interference of 
phenol derivatives. 

Ferments Found in the Urine. — Pepsin, trypsin, and a diastasic ferment have 
been found in the urine, in addition to the organized ferments of lactic, butyric, and 
acetic acids, and urea. The pepsin ferment of the urine is said to be absent in the 
urine of typhoid fever, carcinoma of the stomach, and, according to some, in 
nephritis. 

Detection. — Pepsin is best detected by Sahli's method. A little pure fibrin is 
placed in the urine and set aside for several hours. It is then removed, placed in 
diluted HCl (0.2 per cent.), and the mixture kept at a temperature of from 30° to 40° 
C. (86° to 104° F.). Any pepsin present in the urine is taken up by the fibrin, and 
the latter is slowly digested in the acid fluid. 

The diastasic ferment is detected in the usual manner by its effect upon starch- 
mucilage. The milk-curdling ferment has occasionally been found in the urine. (See 
also Organized Ferments, p. 557.) 

Ptomaines, or diamins, have been found in healthy urines as well as in morbid 
urines. In most fevers, especially in the specific and contagious fevers, the urine 
contains certain poisonous alkaloids. These can be detected by first acidifying the 
urine and filtering from any mucus present, and then precipitating with the double 
iodide of potassium and mercury. The precipitate, which contains these bases, is 
distinguished from albumin or other substances by its solubility in alcohol at a gentle 
heat 

The diamins of the urine may be precipitated as benzoyl compounds by benzoyl 
chloride and caustic potash, By this means cadaverin, putrescin, and other diamins 
have been detected in the urine of vesical catarrh. Normal urine is said to be free 
from these bodies. 
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URINARY DEPOSITS OR SEDIMENTS. 

Normal urine is clear, but on standing it will usually deposit more 
or less sediment. Urine that is turbid when passed will usually 
deposit a sediment, which may contain mucus, pus, blood, chyle, 




earthy phosphates, acid urate of sodium, or an abundance of epithelial 
cells from the kidney, ureters, or bladder. A turbidity which appears 
within a few hours after the urine is voided is most likely to be due 
to acid urates, the oxalate of lime, or the earthy phosphates. When 
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such a deposit is to be examined, a few ounces of the urine are set 
aside in a cylinder or tall vessel to allow the sediment to accumulate, 
or, better, the sediment may be separated from the fresh urine by the 
centrifugal machine. The urine to be examined is well shaken and 
poured into specially constructed tubes ( C, figure 1 2); these are placed 
in the receptacles {A) and revolved. The sediment forms at the bot- 
tom of the tube. This is more satisfactory than spontaneous sedi- 
mentation, because some sediments undergo changes on standing in 
contact with urine. The usual form of centrifuge is shown in figure 
12. It requires from three to four minutes to obtain a complete 
sedimentation of ordinary urine. The sediment may be removed 
from the solution by means of a pipette, or narrow glass tube, by 
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Fig. 13.— Deposit in "Acid Fermentation" of Ueine. (a) Fungus; (i) Amorphous 
Sodium Urate ; {c) Uric Acid ; {d) Calcium Oxalate. 

holding the finger upon the upper end until it is depressed to the 
bottom of the glass, and then, on removing the finger for an instant, 
the sediment will be drawn up into the tube, when it may be removed 
for exa,mination. It is more convenient, for the microscopical exam- 
ination of urinary sediments, to dispense with the usual cover- 
glass, as a larger field is available for search for characteristic objects. 
To the crystalline deposits belong uric acid, urates, calcium oxal- 
ate, the phosphates or carbonates of magnesium and calcium, cystin, 
hippuric acid, leucin, tyrosin, etc. Organized deposits include 
mucous corpuscles, blood, pus, casts, epithelium, fungi, and bacteria. 
The chemical examination of the deposits should be preceded by a 
microscopical examination. In fact, with a little experience, the 
microscopical examination may greatly assist in the chemical exam- 
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ination. Most of the unorganized and crystalline sediments may be 
easily recognized by microscopical better than by chemical means. 

Crystalline Deposits. — Uric acid occurs in crystals, differing 
much in form and size, and stained a brownish-yellow to a light lemon- 
yellow color by uroxanthin. They are sometimes large, and when 
grouped together, as at d, figure 14, are large enough to be seen with 
the naked eye. They dissolve when warmed with NaOH solution. 
The most characteristic forms are those shown in figures 13 and 14. 

Acid Urates. — Amorphous urates consist principally of acid 
sodium urate. (See Fig. 13.) The deposit is amorphous unless a very 
high magnifying power is employed. Then it is seen to be made up 
of minute globular particles of yellow, red, or brown color. This 



b _ 




Fig. 14.— Uric Acid, (a) Rhombic Tables (Whetstone Form) ; (A) Barrel Form; (c) 
Sheaves; (rf) Rosettes of Whetstone Cr\'stals, 

sediment separates only from acid urines. It dissolves to a clear solu- 
tion on adding a solution of NaOH or KOH, or when heated. 

For the purpose of testing the solubility of the sediment under the microscope, it 
«ill be found convenient to place a drop or two of the solvent on the slide at one 
side of the cover-glass, and put on the other side a piece of bibulous paper. In this 
way the fluid is drawn under the cover-glass on the one side and removed at the 
other, the old liquid being rtplaceil by the new. In this way the action of the 
re.igent upon urinary sediments may be readily observed. 

Acid sodium uratf sometimes crystallizes during the acid fermenta- 
tion, in the form of larger spheres made up of elongated crystals. 
They appear under the microscope as yellow or brown, frequently 
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almost opaque spheres, with one or more spicules. When the urine 
becomes alkaline from fermentation, the amorphous urates are gradu- 
ally converted into ammonium urate, which has the appearance seen 
in figure 15. 







\¥\ 




■r'p^%'i 



Fig. 15. — Deposit of Ammoniacal Urine (Alkaline Fermentation), (a) Acid Ammo- 
nium Urate; (ir) Ammonio-magnesium Phosphate; (cJ Bacteria. 

Calcium oxalate occurs as a sediment in transparent, strongly 
refracting, regular octahedrons, which are readily soluble in HCl, but 
insoluble in acetic acid. They frequently accompany uric acid crys- 
tals, and deposit during the acid fermentation, as shown in figure 13. 





Fig. 16.— Oxalate of Lime. 
{a} Octahedra ; (d) Basal 
Plane of an Octahedron 
forming a Rectangle; (c) 
Compound Forms ; {d) 
Dumb-bells. 



Fig. 17.— Perfect Dumb- 
bell Crystals of Ox- 
alate OF Lime. 



They are frequently called envelope-shaped crystals, from the fancied 
resemblance to the reverse side of an envelope. They are usually of 
very small size, and occasionally appear in the form of dumb-bells. 
(Figs. 16 and 17.) A few isolated crystals of calcium oxalate have 
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no clinical significance. They greatly increase after eating such 
vegetables as tomatoes, fresh beans, beet-root, asparagus, apples, 
grapes, honey, and after the administration of rhubarb, senna, squills, 
etc. Another source of oxalic acid in the body is incomplete 
oxidation of carbohydrates and proteid, retrograde, decomposition 
products. For this reason it is frequently met with in excess in 
diabetes mellitus. It is frequently excessive in fermentative disturb- 
ances in the intestinal canal, and in certain nervous disturbances. 
The long-continued excretion of an excess of oxalate of calcium fre- 
quently irritates the kidneys, producing albuminuria, and grave 
nervous disturbance, and may lead to the formation of calculi, espe- 




FiG. iS.—A. Crystals of Cystin; £, Oxalate of Lime; (c) Hour-glass Forms of B. 

cially renal calculi. It is usually associated with an excessive amount 
of uric acid, mucus, and phosphates. 

Ammonium-magnesium phosphate (triple phosphate) 
occurs as a sediment in neutral or in alkaline urine. The crystals are 
large, transparent, highly refracting prisms, usually in the form seen 
in figure 20. Occasionally it occurs in the form of feathery crystals, 
or star-shaped groups. They are never colored. They frequently 
attain a size sufficient to render them visible to the naked eye, espe- 
cially in a strong light. 

Magnesium phosphate is ocoasionall) deposited in concentrated 
urines of fc-cbiv alkaline reaction. 
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Calcium phosphate crystals appear as pointed, wedge-shaped 
prisms, either singly or in clusters. They are dissolved by acetic or 
hydrochloric acid. 




Fig. 19.— Deposit from a Case of Inflamed Bladder (Ammoniacal Fermentation). 
(a) Detached Epithelium; (4) Pus-corpuscles; (c) Triple Phosphate; (rf) Micro- 
coccus Ure^. 




Fig. 20.— The More Usual Forms of Triple Phosphate. X 300. 

Calcium sulphate is rarely present as a urinary sediment. It 
occurs in the form of long, colorless needles or prisms, or in elongated 
tables with abrupt extremities. 
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Calcium carbonate occasionally occurs in the urine as an 
amorphous deposit, but on higher magnification it is seen to be made 
up of minute spherical granules. (See Fig. 23.) 

Hippuric acid occa.sionally occurs as a sediment in the urine in 
the form of four-sided prisms, either occurring separately or in groups. 
They are soluble in ammonia, insoluble in HCl. It occurs especially 
after the administration of benzoic acid and after eating certain 
fruits, as cranberries, bilberries, etc. It is of no diagnostic impor- 
tance. 

Cystin. — The crystals of this body appear as regular hexagonal 
plates, superimposed or contiguous to one another. (See Fig. 18.) 




Fig. ji.— Hjppuric Acid. 

They are insoluble in acetic acid, but soluble in ammonia. It is 
sometimes also found in solution in the urine. Cjsiin is a decomposi- 
tion product of proteid matter, and generally the result of bacterial 
action in the intestines. It is frequently associated with diamins and 
ethereal sulphates. It sometimes forms calculi. 

Leucin and tyrosin always occur together. Tyrosin occurs in 
the sediment in the form of sheaves of ver\ fine crystals. Leucin, 
commonly associated with tyrosin, is more soluble, but occurs to 
some extent in the sediment in the form of small spheres, not unlike 
oil globules, which in a good light are seen to be marked with radiating 
striae. When quite pure, leucin crystallizes in delicate plates, but as 
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a urinary sediment it usually forms spheres. (See Fig. 22. ) Tyrosin 
has been found in the urine, together with leucin, in phosphorus 
poisoning, in acute yellow atrophy of the liver, in leukemia, and in 
some of the infectious diseases. 

Fat is deposited in the form of strongly refracting globules of 
varying size, and readily soluble in ether. It may be present in the 
urine in small quantities after the fracture of bones, and in some 
chronic cases of Bright's disease attended with fatty degeneration. 
In chyluria it occurs in greater abundance. 

Indigo occasionally occurs as a sediment in concretions and amor- 
phous fragments, and also in the form of Ijlue crystals and clusters of 




Fig. 22.— (off) Leucin Balls; (**) Tyrosin Sheaves; {c) Double Balls of 
Ammonium Urate. 

fine, blue needles. The crystals of indigo are not rare in decomposing 
and fermenting urines, in which they result from the decomposition 
of the indoxyl-sulphate. They occur more especially in the urine 
of hepatic abscess and in cirrhosis of the liver. 

Urinary concretions of considerable size are occasionally to be 
seen in urine with the naked eye. They consist, for the most part, 
of urates, or urates with uric acid. Their recognition is important in 
the diagnosis of renal colic. When composed of uric acid or acid 
urates, their color is usually red or brown. Phosphatic concretions 
of larger size occur more rarely. They are light-colored. Other con- 
cretions are occasionally met with. 
9 
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Foreign bodies occur in the urine from accidental causes, or 
from negligence in collecting the specimen. We may mention fungi, 
yeast-cells, micro-organisms, fat globules; fibers of silk, linen, and 
wool ; feathers, wood, starch, etc. Bodies of this kind will be seen in 
almost every specimen examined. They will not cause any confusion, 
after a little practice, as they are so different from any of the charac- 
teristic urinary sediments that mistakes will rarely be made. Frag- 
ments of tumors, as sarcoma, carcinoma, etc., may occasionally be 
found, and their import is self-evident. 

Organized Deposits. — Mucous corpuscles are seen as round, 
finely granular cells, somewhat larger than blood-corpuscles, and con- 




Fic. 23.— (o) Spermatozoa ; (*) Amorphois Calcium Carbonate ; (<r) A-mmonii-m 
Magnesium Phosphate. 



taining from three to five nuclei. They can not be distinguished from 
the colorless blood-corpuscles. (See Fig. 27.) Pus-corpuscles 
resemble the mucous corpuscles in their appearance. If fresh, warm 
urine containing mucous or pus-corpuscles be examined under the 
microscope, the corpuscles will be seen to undergo the ameboid 
change of shape. When the urine becomes cold, this movement 
ceases, and the corpuscles assume the globular form. Water causes 
these corpuscles to swell, the nuclei becoming more distinct, and the 
outline gradually disappearing. Acetic acid produces a similar change, 
but more rapidly. Solutions of KOH, N'aOH, and NH^OH disin- 
tegrate these corpuscles, destroying the cells and granules ; the nuclei 
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Fig. 24.— (a) Micrococci in Short Chains and Groups; (*) Sarcin^; (c) Fungi from 
Acid Fermentation; (rfj Yeast Cells from Diabetic Urine; (e) Mycelium of a 
Fungus, or Mold. 




Fig. 25.— (a) Epithelial Cells from the Male Urethra; (i) from the Vagina; <c) 
from the Prostate ; (d) Cowper's Glands ; (.«) Littre's Glands ; (/) Female 
Urethra; (g-) Bladder. gg 
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Fig. 26.— Crenated Red Blood-corpuscles in the Urine. X 350. 
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P'lG. 27.-RKD \Nu Colorless Bloodcorpusclks or \»rious Forms. 
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are the last to disappear. In alkaline urines, therefore, the mucous 
and pus-corpuscles, if present, rapidly undergo disintegration. 

Epithelial cells of a variety of shapes are found in normal urine. 
Those from the convoluted portion of the tubules are polygonal in 
shape, but on remaining for some time in the urine they absorb water 
and become globular. They are a little larger than pus-corpuscles, 
and may be distinguished from the latter by having but one large, dis- 
tinct nucleus. The epithelial cells of the loop of Henle and the 
larger collecting tubes are columnar in shape. Those from the ureter, 
pelvis, and male urethra are elongated and conical, containing one 
nucleus near the center. Large, flat, squamous, epithelial cells are 
obtained from the bladder, vagina, and female urethra. (Fig. 25.) 
In chronic cystitis, after the large, flat, irregular cells have been shed 
off, we may have smaller, rounded cells. Rapidly proliferating cells have 
a large nucleus in proportion to the remainder of the cell. Old cells, 
slowly proliferated and desquamated, have a smallernucleus in propor- 
tion to the rest of the cell. This is of importance in the diagnosis 
of new growths likely to be found in the bladder. 

Blood-corpuscles in the urine appear as small, round, disc- 
shaped corpuscles of a light straw or red color, and when seen on 
edge appear biconcave. They are prone to changes in form and size 
on standing for some hours. They undergo decomposition in alkaline 
urines, change their form, and finally become invisible. (Figs. 26 
"and 27.) 

Casts. — Casts are fibrinous molds of the uriniferous tubules, and 
frequently contain blood- or pus-corpuscles, epithelial cells, granular 
matter, crystals, or oil-drops, imbedded in the substance of which 
they are composed, from which they are named epithelial casts, blood- 
casts, granular casts, fatty casts, waxy casts, and hyaline casts. 

Hyaline casts are perfectly clear, transparent cylinders, without 
markings, having nearly the same refractive index as the urine, and 
consequently are not readily seen, especially in a strong light. (Fig. 
28. ) They are more readily seen with oblique illumination, or by add- 
ing a few drops of solution of eosin, Bismarck brown, methyl-green, or 
fuchsin, to the urine while the sediment is forming. They are char- 
acteristic of the very earliest and the recovering stages of nephritis, 
and are also found in congestion of the kidney, or in simple irritative 
catarrh of the tubules. 

Blood-casts contain blood corpuscles imbedded in them, and in- 
dicate an acute inflammation of the kidney with escape of blood- 
corpugcles from the circulation into the tubules. (See Fig. 29.) 
They are characteristic of the very acute stages of nephritis. 

Epithelial casts are those in whose surfaces epithelial cells from 
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tlie tubules are imbedded. (See Fig. 30.) They indicate a rapid 
shedding of the epithelial cells lining the tubules, and usually occur 
in the second stage of the inflammation—/, e., when the inflammation 
has loo.sened the epithelial cells. They will usually be found only in 
acute nephritis. 

Granular casts are those containing granules, either small or 
large. The granular matter may come from either the disintegration 
of the epithelial cells, blood-cells, or from the material of the cast 
itself. They are frequently spoken of as finely granular, moderately 
granular, and coarsely granular; the amount of granular matter giving 
an idea of the amount of the destructive disintegration taking place 








Fig 28.--Hn'aline Casts. 



Fig. 29. — Blood-cast. 



in the kidney. The dense, coarsely granular varieties, represented by 
figure 31, b, are more especially found in chronic cases. The finely 
granular cast seen in figure 31, a, may be found in the chronic or in 
the subacute form of the disease. 

Fatty casts, or oil casts, are such as reveal oil drops in the cast 
material. Tiiey occur in chronic nephritis attended by fatty degen- 
eration. It is sometimes difficult to determine whether the granular 
degeneration seen in these casts is due to the degeneration of the cast 
itself, after having been formed, or whether it is the result of the dis- 
intej^ration of blood-cells or epitlielial cells. Tliese casts form in the 
tubules, and often remain there for a considerable time — a sufficient 
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time, perhaps, to undergo granular and even fatty degeneration. It 
is certain that the coarsely granular and fatty casts are never found in 
the earlier stages of the disease. 

Waxy casts are a variety somewhat resembling hyaline casts, but 




Fig. 30. — Epithelial Casts. 



Fig. 31.— Granular Casts. 



are more dense and more distorted, and frequently are cracked or torn 
along the edges, or they have lost the regularity of their outline. They 
sometimes give a blue color with sulphuric acid and iodine, are more 
refractive than hyaline casts, and are insoluble in acetic acid, while 
hyaline casts are soluble. 

Mucous casts are frequently spoken 
of. They are long, transparent, iibrillar 
bodies, twisted and branching, and lack- 
ing in the terminal features of casts. 
They should not be regarded as casts, 
although we may meet with mucous plugs 
from the follicles in the prostatic urethra 
which closely resemble casts. The char- 
acter of the epithelial cells, with which 
they are associated, will usually serve to 
distinguish them. The absence of albu- 
min will also assist. True renal casts 
without albumin in solution are rare. Hyaline casts without albumin 
are not rare, but they are frequently mucous instead of true tube-casts. 

Casts can usually be readily distinguished from other bodies met 




Fig. 32. 



Fig. 33. 
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with in the urine by the peculiarly rounded end, formed by the push- 
ing of the cast material through the tubule by pressure from behind, 
while still in a plastic condition. This rounded extremity is one of 
the most characteristic features in casts, and when in doubt as to the 
identity of an object, this will often serve as a guide. 

Casts like formations of urates will occasionally be met with, and 
always resemble granular casts. (See Fig. 32.) Masses of micrococci 
closely resembling casts will also occasionally be seen, but these can 
usually be distinguished by their appearance, or by their resistance 
to reagents, as caustic potash, nitric acid, etc. Leucocjrte casts 
(F'g- 33) MS met with in suppurating conditions of the tubules of the 
kidney, in gonorrhea, prostatitis, and leucorrhea. 

Granular Detritus. — Under this name we will designate the ill- 
defined granular or disintegrating masses of material frequently met 
with in cases of nephritis. These irregular or amorphous masses are 
probably partially disintegrated cells or masses of free granules of this 
origin. The amount of this material in any specimen of nephritic 
urine should be noted, as an aid in arriving at a clear idea of the 
amount of destructive change going on in the kidney. This point 
is an important one in prognosis, as by it we are able to determine 
that organic destruction of the kidney is rapidly progressing and the 
prognosis unfavorable ; or, that there is little or no organic destruc- 
tion and the prognosis better. 

The following scheme for the chemical and microscopical examina- 
tion of sediments will be found useful as a guide to rapid work : 



URINARY DEPOSITS. 

Chemical Examination. 

Draw off a portion of the sediment witli a pipette or glass tube, and transfer to a 
watch-glass or small test-tube. 

' Dissolves on heating urine, Atiimonium urate. 

White r ^°'- '" NII.OH, ........ Cyslitt. 

Deposit. f Soluble in acetic acid, 

Earthy Pliosphates. 
Insol. in NIT,OH, \ Insoluble in acetic acid. 
Calcium oxalate or ox- 
alurate. 
\ Gelatinizes in NHjOH, Pus (see above). 

Visibly crystalline (red), ... Uric acid. 

f Pale, easily soluMe by heat, .... ... Urates 

Deep-colored, slowly soluble by heat, .4ciJ urates with 

iiri^eryfhrin. 
Red, insoluble by heat, alkalies, or acids, . Blood. 



Insoluble on heating. 



Colored 
Deposit, 



Amorphous, 
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Microscopical Examination. 

With a clean pipette draw off a small portion of the sediment, transfer to a clean 
glass slide, and examine with a ^-in. or >^-in. objective. A cover-glass may be 
dispensed with. 

Small granules with spicules on larger 
granules ; vanishes on adding KOH < 

orNaOH *^ 

Permanent on adding KOH or NaOH, . 
Globules, strongly refracting light; 



Deposit is 
Amor- 
phous. 



light = Sodiuvi urate. 
dark = Ammonium urate. 



Calciuvi carbonate (rare). 
. Fat. 



Deposit 
is Crys- 
talline. 



Cellular 
Elements. 



Urine, 
Acid. 



Alkaline 
Urine. 



Yellow, cross or whetstone shaped, or in groups. Uric acid. 
Regular octahedra, envelope-shaped, . . . Calcium oxalate. 
Hexagonal plates, soluble in NH^OH (white), . . . Cystin. 
Bundles of needles crossing each other, .... Tyrosin. 
' Large prisms, soluble in acetic acid (coffin-lid shaped), 

Ammonium magnesium phosphate. 

Brown, double spheres, spiculated. Urate of ammonium. 
Club-shaped crystals, single or in groups, Calcium phos- 
phate. 
Double spheres, radiated structure, soluble in acetic 
acid, with effervescence, . . Calcium carbonate (rare). 
Double spheres, insoluble in acetic acid, Calcium oxal- 

urate (rare). 
Double spheres, yellow or red, striated, . . Uric acid. 
Red or yellow discs, biconcave ; sometimes irregular in outline, 

Blood-cells. 
Granulated corpuscles. With ") Albumin present, .... Pics. 
diluted acetic acid, show 3 I Albumin absent. Mucous corpus- 
to 5 nuclei, ) cles. 

Round, conical, or flat cells with one riucleus, Epithelium frovi uri- 
nary tract. 

Tadpole-shape, with long tail (small), Spermatozoa. 

Cylinders, parallel margms, clear, granular, or containing epithelial 

cells or blood-cells Casts of uriniferous tubules. 

Fungi, yeast, hairs, threads, etc., etc., . . . Extraneous matters. 



URINARY CALCULI. 

Urinary calculi, or concretions, are hard masses of urinary sedi 
ments formed in the kidney, ureters, bladder, or sinuses of the pros- 
tate gland. They are simple, composed of one kind of material, or 
compound or mixed, composed of two or more kinds of material, 
deposited in concentric layers. In the examination of a calculus it 
should be sawed through so as to expose these layers, and small por- 
tions of each layer examined separately. An examination of a cal- 
culus is necessary to determine the condition which led to its forma- 
tion, and to suggest proper treatment to prevent the formation of 
others. About sixty per cent, of all urinary calculi are composed of 
uric acid or acid urates. They are generally reddish and smooth, 



Digitized by Microsoft® 



Io6 CLINICAL CHEMISTRY. 

but sometimes tuberculated. About forty per cent, of the remainder 
of the stones are mixed uric acid and earthy phosphates, containing 
rather more of the latter ingredients. When the calculus starts as a 
uric acid concretion, and the urine changes from acid to alkaline, 
the phosphates are deposited. This is apt to occur sooner or later. 
The cross-section of such a calculus shows very plainly the different 
layers. 

Calcium oxalate calculi, or mulberry calculi, comprise about 
three per cent, of all cases operated upon. They are gray or dark 
brown, very hard, and generally tuberculated, when they are often 
called "mulberry calculi." When smooth they are often called 
" hempseed calculi." 

The phosphatic calculi are rare, as are those composed of calcium 
carbonate, cystin, xanthin, fibrin, blood, indigo, and urostealith. 

The following is a scheme for the qualitative examination 
of calculi : 

These last, composed of calcium and magnesium soaps, fat, albu- 
min, etc., are very rare. 

Heat a portion of the powdered stone on a platinum-foil or charcoal 
with blowpipe. 

A. It chars and burns with a flame. Probably xanthin, cystin, 
urostealith, or fibrin. 

1. The flame burns briefly, emitting odor of SO,. The powder dis- 
solves in ammonia, and on diluting deposits six-sided plates = 
Cystin. 

2. It does not give the murexid test. The powder is soluble in 
HXOj, without effervescence, and the dried residue becomes orange 
with alkalies and red on warming = Xanthin. 

3. The flame is yellow, prolonged, and gives the odor of burning 
shellac. The powder is soluble in alcohol = Urostealith. 

4. The flame is yellow, jirolonged, and gives the odor of burning 
feathers. Soluble in hot KOH solution, and is precipitated again by 
acetic acid ^ Fibrin. 

IJ. // chars, hut does not burn with flame. 
I. The powder L;i\cs the murexid test. 

a. It yivcs off" NIIj when warmed with KOH solution = Urate of 
Ammonium. 

b. It givL's no NK, with K( )H = Uric Acid. 

C. The /'oii'drr does not s/roiii^ly chiiror bum. Treated with diluted 
HCl. 

1. It dissolves with effervescence = Calcium Carbonate. 

2. It dissolves without efforvtscincc, and the solution gives a white 
precipitate with NH^OH -- Phosphates or Calcium Oxalate. 
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Treat the powder with acetic acid. 

Phosphates dissolve without effervescence. 

Mixed phosphates fuse in heating on foil. 

Calcium phosphate does not fuse. 

Triple phosphate gives off NH, when warmed with a little KOH 
solution. 

Calcium oxalate is insoluble in acetic acid. After ignition it 
gives an alkaline powder, which effervesces with acetic or diluted 
HCl. 

The subjoined table gives the most prominent variations in physical 
and chemical characters, with brief notes of their significance. As 
there are numerous handbooks upon this subject, the student is 
referred to them for details : 



THE URINE OF THE TWENTY-FOUR HOURS— NORMAL AND 
PATHOLOGICAL. 



Physical 
Character. 


Normal. 


Alterations in Abnormal Conditions. 


Color. 


Pale straw to 


Colorless : neuroses, chronic nephritis, diabetes. 




reddish yel- 


High-colored: acute fevers, icterus. 




low. The 


Blood-red : blood or foreign color. 




average color 


Dark brown : hematuria, poisoning by carbolic 




is amber. 


acid, potass, chlorate, or iodoform. 
Smoky brown : presence of decomposed blood, 

acute nephritis. 
Yellow or green : presence of bile. 
White : chyle or pus. 


Transparency. 


Clear, with 


Urine turbid when passed, is abnormal. Whitish 




only a slight 


sediment may be pus, phosphates, or ammonium 




flocculent 


urate. 




cloud of mu- 






cus. 




Consistence. 


When normal, 


When viscid, it indicates albumin, bile, mucus, or 




urine is mo- 


pus. 




b i 1 e, like 






water. 




Odor. 


Peculiar to it- 
self. 


Urine putrid when passed, indicates cystitis. 


Reaction. 


Slightly acid; 


Urine strongly acid in fevers and inflammations of 




becomes 


the liver, heart, and lungs ; in acid dyspepsia. 




more acid 


Urine is alkaline in cystitis, and occasionally in 




on standing, 


debility, chlorosis, certain organic nervous dis- 




then be- 


eases, typhus, etc. 




comes alka- 






line. 





Digitized by Microsoft® 



io8 



CLINICAL CHEMISTRY. 



THE URINE OF THE TWENTY-FOUR HOURS- 
PAT fl O LOG IC A L. — Co«/!««if</. 



-NORMAL AND 



Constituents. 



Sulphuric acid. 



Phosphoric 
acid. 



Oxalic acid. 




0-3 


Phosphate of 
lime. 


4 to 5 


Phosphate of 


7 to II 


ma^esium. 








150 to 200 


Chloride of 




CI = 90 to 
120 


sodium. 




Na = 6o to 
80 


Free acid (cal- 
culated a s 


30 to 60 


oxalic acid). 




Total 




inorganic salts. 
Potassium. 


200 to 380 

38 to 48 


Sodium. 


140 10 180 


Calcium. 


4 to 5 


Magnesium. 




2 to 3 



Amount 
IN Grains. 



23 to 38 
46 to 54 



Alterations in Pathological Conditions. 



Having more or less the same source as urea, it 
will increase or diminish therewith. Occurs as 
sulphuric ethers, and preformed. 

Increased in fevers, in nerve-exhaustion, disease 
of spinal cord, and in tubercle of the lung. In 
phosphatic diabetes ihe alkaline phc^phates are 
greatly increased. 

Diminished in many mental diseases, especially 
mania, and in chlorosis. 

Increased in catarrhal jaundice, and in oxalic 
acid diathesis, mental depression, and certain 
forms of dyspepsia. 

Increased in osteomalacia, rickets, scrofula, car- 
cinoma, long-continued suppuration, organic dis- 
ease of the spinal cord. 

Diminished in fevers. 



Increased in fevers at the outset, and with the re- 
absorption of dropsical fluids. 

Diminished during apyrexia, dropsies, cholera, 
typhus, inflammations generally, and especially 
in the forming stage of pneumonia. 

Increased during the acme of acute febrile 
affections (on account, probably, of the dimin- 
ished proportion of water present). 

Diminished in most diseases affecting the nutri 
tion and leading to a deficiency thereof. 



Urea. 



( )RGANic Constituents. 



450 to 500 

or 
3° to 31 gm- 



Increased after much meat, fevers, diabetes 
mellitus, copious drinking of water or alcohol, 
congestion of liver. 

Diminished in abstinence from meat, rest, hepatic 
abscess, nephritis, chronic wasting diseases. 
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THE URINE FOR THE TWENTY-BOUR HOURS— NORMAL AND 
VATHOLOGICAI..— Continued. 



Organic 

Constituents. 



Uric acid. 

Hippuric acid. 
Creatinin. 



Xanthin 
Bases. 

Carbolic acid, 
Cresol, etc. 



Indoxyl. 



Blood. 

Pus. 
Mucus. 



Amount 
IN Grains. 



4 to IS 

(ratio to urea, 

I -. 40) 



5 to 15 

8 to IS 

0.5 to 2 

o.ois 

0.07 to 0.05 



Acetone, 


Traces. 


Diacetic acid, 


It 


Hydroxybuty- 


(( 


ric acid. 




Albumin. 


None. 


Albumose. 


None. 


Peptone. 


None. 


Dextrose. 


None or trace 


Lactose. 


None. 


Bile. 


None. 



None. 

None. 
Present. 



Alterations in Pathological Conditions. 



Increased leucocythemia, pernicious anemia, 
gout, rheumatism, deficient oxidation ; organic 
diseases of heart, lungs, liver, or skin ; after 
acute fevers and excessive meat diet. 

Diminished in vegetable diet, gout, before attack, 
chronic renal disease, outdoor exercise. 

Increased with vegetable diet, after taking ben- 
zoates. 

Decreased in animal diet. 

Increased in meat diet, and increased nitrogenous 
metabolism. 

Decreased in vegetable diet, and milk diet. 

Increased in splenic disease, meat diet, deficient 
oxidation. 

Decreased in vegetable diet. 

Increased in certain diseases of the intestines, 
causing constipation (ileus, etc.), but has been 
observed to be increased also in certain cases of 
diarrhea. 

Increased with diseases attended by constipation 
and intestinal fermentation, and occasionally, 
also, in cases of diarrhea. After cholera, can- 
cer of the liver and stomach, purulent periton- 
itis. Valuable diagnostic sign in typhoid fever 
and cancer of the liver. 

Increased in diabetes raellitus ; conditions of in- 
creased proteid metabolism, with deficient oxi- 
dation. 

Nephritis, pregnancy, poisoning by certain sub- 
stances, cold baths, violent exercise, rheumatism, 
infectious fevers, etc. 

Presence not clearly diagnostic. 
ti i I (( i( 

Glycosuria and diabetes mellitus. 

During lactation, after weaning. 

Obstruction in bile-duct, structural hepatic dis- 
eases, malaria, pernicious anemia, yellow atrophy 
of liver, typhoid fever, and AsHg poisoning. 

Hemorrhages, giving hematuria ; hemoglobin in 
malaria, acute nephritis (sometimes). 

Suppuration. 

Increased in any irritation along the urinary tract, 
by uric acid, calcium oxalate, etc., catarrh of 
bladder, urethra, vagina. Usually increased in 
acute fevers. 
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NOTES ON URINARY DIAGNOSIS. 

In order to clearly understand the diseases of the kidney and the 
variations in the quantity and quality of the urine in health and dis- 
ease, the student should study the minute anatomy and the physiology 
of the kidney. 

It is not within the province of this book to teach physiology, and 
the student is urged to consult some work on physiology for informa- 
tion upon this subject. 

It is sufficient here to remind the student that the kidney has a 
double capillary circulation. The blood enters the kidney by the 
renal artery under an estimated pressure of about 2j^ pounds to 
the square inch. The renal artery, after entering the kidney, rap- 
idly divides into many small branches, each of which abruptly termi- 
nates in a glomerulus, or ball-like tuft of short capillaries, inclosed in 
a capsule known as the capsule of Bowman. This capsule is the upper 
end of a tube for collecting the urine. The veins, after leaving the 
glomeruli, pass downward toward the medullary portion of the kidney, 
rapidly dividing and anastomosing with other similar veins, making a 
closely woven network of capillaries about the convoluted portion of 
the tubules containing the fluid filtered into them at the upper end, 
or in the capsule. Immediately below the capsule the tubules become 
very much contorted, and are lined with thick, polygonal, glandular- 
like epithelial cells. At the border between the cortical and medul- 
lary portions of the kidney, the tubes become straight and narrower, 
forming a loop dipping well down into the latter and returning to 
the former. The returning limb of this loop is about three times as 
large as the descending limb. This loop of Henle is lined with clear, 
flattened, epithelial cells, with prominent or bulging nuclei, as though 
these nuclei were intended to retard the current of fluid within the 
tube. .\s the tube returns to the cortical portion of the kidnev the 
epithelial cells become thicker, and assume the glandular and cuboid 
appearance, while the tube again becomes convoluted or spiral. 
These tubes then combine into larger, straight tubes, called collect- 
ing tubes, which pass downward toward the hilum and discharge 
their contents into the pelvis of the kidney. The stnu t\ires above 
described, with nerves and lymphatics, are held tOLjether by an abun- 
dant supply of loose connective tissue, except in the medullary por- 
tion, where it is quite firm and compact. This connective tissue is 
especially abundant along the arteries and veins, and seems to be con- 
tinuous with the membrane or capsule covering the whole kidney. 
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QUANTITY OF URINE. Ill 

QUANTITY OF URINE. 

The volume of liquid secreted by the kidneys is largely propor- 
tional to the pressure brought to bear on the plexus of arterioles of 
the glomeruli. The glomerulus is subjected to greater pressure than 
other capillaries in the body. The urine is composed of water and 
certain solids held in solution, with usually certain sediments in sus- 
pension. Some writers regard the kidney as merely a filter, others 
as a dialyzer and filter, while others look upon it as a compound organ. 
They look upon the glomerulus as a filter, and the epithelium of the con- 
voluted tubes as a gland similar to the other glands, as the parotid, etc. 
Clinical observation, as well as experimental physiology, shows that 
the quantity of water is principally dependent upon blood pressure, 
and in this respect the kidney acts as a filter. The more active the 
circulation, the more active the secretion of urine. We must not 
forget, however, that the injection of certain substances, such as glu- 
cose, urea, cafifein, etc., into the circulation of an animal increases 
the flow of water. 

The local blood pressure in the glomerulous tufts may be increased : 
(i) By an augmentation of the general blood pressure, by an increase 
in the force or frequency of cardiac systole, or by an increased re- 
sistance to the flow of blood in other vascular areas. (2) By a relaxa- 
tion in the renal artery, which will allow the full force of the blood 
stream to impinge on the capillaries of the Malpighian tufts. This 
relaxation must, of course, not be attended by a general relaxation, 
as this lowers the general blood tension. Digitalis increases the 
blood pressure, and hence acts as a diuretic. Strophanthus, while 
stimulating the heart, does not materially increase blood pressure, and 
hence is not so effective as a diuretic. 

The nitrites, when given in not too large doses, dilate the renal 
artery, and thus increase the flow of urine. Cold constricts the capil- 
laries in the skin, and thus throws more blood into the kidneys and 
increases the urine. 

A diminished blood pressure in the glomeruli may be produced by : 
(i) A general lowering of the blood pressure by a diminution of 
the force and frequency of cardiac systole. (2) A general dilatation 
of the capillaries all over the body, or in some large area other than 
the kidney. Belladonna and heat dilate the capillaries, lower blood 
pressure, and lessen the flow of urine. (3) By a constriction of the 
renal artery, thus shutting off the current of blood from the tufts. 

These general facts help us in understanding many of the physio- 
logical as well as pathological variations in the quantity of urinary 
secretion. These principles have been well verified by experiment 
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and clinical observation. All physiologists admit that the pressure 
that the glomeruli are subjected to is enough to cause osmosis or fil- 
tration. 

We must remember, too, that the urine is also governed, both in 
quantity and quality, by food and drink. It is varied by exercise and 
sleep, heat and cold, emotions and alcohol. We should not forget 
that there is a complementary action between the kidneys and skin on 
the one hand, or the intestine on the other. Perspiration and diarrhea 
may assist the kidneys, or, more properly, do part of their work. 

The kidney is not alone a filter, separating water holding a few 
salts in solution ; however, if we submit urine to filtration, it all passes 
except certain accidental substances, as mucus, epithelial cells, etc., 
added to it along the tract below the point where it is secreted. So 
far as the composition of the urine is concerned, there is nothing to 
militate against the theory that the function is merely that of a filter. 
When we look at the blood, however, we find a solution of albumin, 
urea, salts, etc., which, under pressure, maybe filtered through animal 
membranes. Probably we may accept 2i^ pounds per square inch as 
the pressure of the blood in the renal tufts. Under this pressure 
albumin will filter through dead animal membrane. We must, then, 
so far as albumin is concerned, suppose that the kidney has an elec- 
tive action on the blood. The structure of the kidney indicates a 
double process. The second set of capillaries seems to be intended 
to furnish nourishment to the tubules. Moreover, in the amphibia 
(the newt) there are two separate blood supplies to these two sets of 
capillaries: the renal artery, supplying the glomerulus, and a branch 
of the femoral vein, supplying the second set of cajjillaries. Nuss- 
baum tied the artery supplying the glomeruh", and saw the urine 
cease to flow. When the femoral vein was tied, the urine continued 
to flow. The injection of substances into the circulation, while one 
of these vessels was tied, allowed him to determine what substances 
were secreted from each set of capillaries. He found that water, 
peptone, Lj,'ij-albumin, and suL,'ar were secreted before ligating the re- 
nal arter\ , — /. c, by the glomeruli, — but that they disappeared when 
this operation was performed. Urea, however, continued to appear. 
On ligating the vessel that supplied the second set of capillaries, the 
urine almost disappeared until the urea was injected, when the water 
iiureased, probably to dissolve. the urea. On injecting indigo-car- 
mine no urine was secreted, but the indigo was found in the tubular 
epithelium. This seenietl to prove that urea is excreted by the epi- 
thelium of the tubules. 

I leidenliain's experiments prove that indigo is separated from the 
blood by the tubular epitiielial cells. 
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The glandular character of these epithelial cells seems to point to 
their use in performing some office other than that of a filter. 

If a section of the spinal cord of an animal be made below the 
medulla, there is almost total suppression of urine from decreased blood 
pressure. If urea or uric acid be injected into the blood of such an 
animal, there is a copious flow of urine. The explanation of this is 
probably their stimulation of the epithelial cells. Bile pigments, the 
organic salts of iron, and fat of milk, when injected into the circula- 
tion, are secreted by the tubular epithelium. Ludwig holds that 
blood-serum, minus the proteids and fats, is secreted in the capsule. 
This washes out the tubules and is largely reabsorbed, leaving the 
solids in denser solution. Ribbert showed that the urine secreted by 
the cortex was more watery than the whole urine. He extirpated the 
medullary portion of the kidney of ?. rabbit and collected the urine 
of the cortex. It was watery. He thinks, with Ludwig, that water 
is reabsorbed in Henle's loops where the tube is smallest. The tor- 
tuous collecting tubes are to retard the current, to allow time for 
absorption. Many physiologists claim that albumin filters through 
the capsule and is reabsorbed in the tubules. Bowman, Heidenhain, 
Von Wittich, and Danders claim that water and inorganic salts filter 
through the capsule, and urea and uric acid are separated by the 
epithelial cells of the tubules. 

SPECIFIC GRAVITY. 

(Seep. 632.) 

Closely associated with the question of quantity, and often depen- 
dent upon the latter, is that of specific gravity. Other things being 
equal, the specific gravity and quantity are inversely proportional to 
each other — z. e. , the specific gravity decreases as the quantity in- 
creases, and the reverse. In drawing conclusions from the specific 
gravity, the quantity passed in twenty-four hours must always be con- 
sidered. Causes which diminish the quantity of water must raise the 
specific gravity, and those which increase the water diminish the spe- 
cific gravity, provided the kidney is performing its secretory functions. 
In drawing conclusions based upon these two data, it is necessary to 
make more than one observation , if possible, as a temporary condi- 
tion will call for a different diagnosis from that of a permanent varia- 
tion from the normal. With proper precautions, these two factors 
furnish information of the greatest importance to the diagnostician. 

Most urinometers are graduated to give the specific gravity marked 
on the stem, at 15° C. (60° F.). Warm urine is lighter than cold 
urine. When the temperature of the urine is above 15° C. (60° F. ), 
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a correction should be made by adding one degree to the observed 
gravity on the urinometer for each 3° C. (5.4° F.) above that tem- 
perature. When the temperature is below 60° F. , a similar allowance 
must be made and deducted from the reading. 

Thus, if the specific gravity at 75° F. were found to be 1016, the 
corrected reading would be : 

75 — 60=15. 15 -J- 5.4=: 2.8. 1016 + 2.8=1018.8. 

This rule is not quite exact, but near enough for clinical purposes. 

Specific gravity is of use in calculating total solids. (Compare p. 
634.) The following table gives the number of grains of solid mat- 
ter in a fluidounce of urine of the given specific gravity : 

Specific gravity of 1005 gives S'° grains of solids in I oz. 
" •' 1010 " 10.20 " " I oz. 



1015 " 15.30 

1020 " 20.40 

1025 " 25.50 

1050 " 51.00 



I oz. 
I oz. 
1 oz. 
I oz. 



The amount of solid matter excreted in twenty-four hours by an 
average adult man is about 60 to 65 gm., or 1000 grs. From the 
above table it is seen that the last two figures of the specific gravity very 
nearly express the number of grains in each fluidounce of normal 
urine. By multiplying these two figures by the number of ounces 
passed in twenty-four hours, we obtain approximately the number of 
grains of solid matter passed in twenty-four hours. Various attempts 
have been made to determine a coefficient or formula to give the re- 
sult in grams per liter. Trapp obtained the number 2 ; Loebisch, 
2.2 ; Christison and Haeser, 2.33. Thus, if a given urine has a sp. 
gr. of 1020, it will contain, approximately, 20 X 2.2 :^ 44 gm. per 
liter. If the quantity of this same urine be 1200 c.c. per twenty-four 
hours, then the total solids will be found by multiplying the above 
result by the number of liters — 44 X 1-2 ^ 52.8. The most strik- 
ing variations from the normal solids will be found in diabetes mellitus 
and in the various forms of nephritis. 

Urine is pathological if we observe : 

1. Specilic gravity liigh, color high, quantity small. 

2. " " " " pale, " large. 

3. " " low, " high, " large. 
4- " " " " very pale," small. 

If urine is persistently below 1015, suspect albuminuria and 
nephritis; if below 1008, suspect albuminuria or hydruria. If per- 
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sistently above 1025, color pale, quantity increased, it indicates 
diabetes. If persistently above 1025, color high, quantity diminished, 
suspect fevers, some cardiac weakness, or excess of uric acid. 

Examples. 

Case i.— Quantity in twenty-four hours, 900 c.c. (j9j of a quart) ; specific gravity, 
1030 to 1035 ; color high ; severe fever. 

Case 2. — Quantity, 4800 c.c. (5 quarts) ; specific gravity, 1025 to 1035 ; diabetes 
mellitus. 

Case 3. — Quantity, 3500 c.c. (3^ quarts); specific gravity, 1015; diabetes 
insipidus. 

Case 4. — Quantity, 600 c.c; specific gravity, loio; chronic nephritis. 

Reaction. — The normal reaction of urine is feebly acid — /. e., it 
reddens blue litmus paper. (Compare p. 632.) 

The cause of the acidity of the urine is believed to be chiefly the 
presence of acid sodium phosphate, with minute amounts of carbonic, 
hippuric, and lactic acids, or their acid salts. 

The urine occasionally becomes neutral or alkaline for a short time 
after meals, or after cold baths. 

The acidity of the urine is increased : 

1. In concentrated urines. 

2. After prolonged exercise. 

3. After meat diet. 

4. Acute fevers ; rheumatism, scarlatina, etc. 

5. Gout, diabetes, scurvy, acid dyspepsia. 
The acidity is diminished or is alkaline : 

1 . After a purely vegetable diet. 

2. After taking alkaline salts. 

3. Anemia, simple and pernicious, and hypochlorhydria. 

4. Alkaline fermentation ; cystitis. 

Color. — The color of normal urine is amber. Diluted urine varies 
from straw-color, to colorless. Concentrated urine is orange or reddish- 
yellow. Febrile urine, reddish-brown. Bloody urine is red. The 
color is smoky in acute nephritis, after KCIO3, CgHjOH, creosote, 
AsHj, etc. Yellow or green indicates bile, icterus. A dirty blue 
color is sometimes seen in cholera, typhus, and from indican. A 
white color may be due to chyle, pus, phosphates. 

Effects of Drugs, etc. — Dark: CgH^OH, creosote, KCIO3, tar, 
etc., turpentine, terpin hydrate, salol, quinine (sometimes), pheno- 
coll, naphthalene, antipyrin. Red : Analgen, cascara, sulphonal 
(sometimes violet-red), madder, aloes, and magenta. Yellow: Thal- 
lin, santonin, cascara, rhubarb, senna, chrysophanic acid, and gam- 
boge. Blue : Indigo, methylene blue, and pyoctannin. 



Digitized by Microsoft® 



ii6 



CLINICAL CHEMISTRY. 



INORGANIC CONSTITUENTS OF THE URINE. 

The most important inorganic constituents of urine, from a diag- 
nostic point of view, are the chlorides, phosphates, and sulphates. 
We may include among these, for convenience, calcium oxalate, 
although the acid is organic. (Compare p. 635.) 

Chlorides. — Daily amount, ten to fifteen grams (150 to 200 
grs.). 

Increased: i. After muscular exercise. 

2. After taking much food or drink. 

3. During absorption of exudates. 

4. In acute Bright's disease, diabetes insipidus, and 

ague, after chill. 
Diminished : i. In all acute fevers, especially acute pneumonia. 
(Increases after crisis.) 

2. During formation of exudates and dropsies. 

3. In chronic nephritis, certain dyspepsias, diar- 

rheas, cholera, typhoid. 
Phosphates. — Daily amount of phosphoric acid, two to four grams 
(30 to 60 grs.). 

Increased: i. After mental work, hysteria, certain nervous 
diseases, or worry. 

2. After muscular exertion, meat diet, copiousdrink- 

ing of fluids. 

3. Rachitis, osteomalacia, early phthisis, diabetes 

mellitus, phosphatic diabetes, some fevers. 
Diminished : i. Most acute diseases, renal diseases, rheumatism, 
gout, pregnancy. 
Sulphates. — Daily amount of sulphuric acid, 1.5 to 3 grams (22 
to 45 grs.). (See p. 637.) 

Sulphuric acid occurs as preformed and as ethereal sulphates. The 
latter is treated under the pigments, page 126. Little diagnostic value 
is attached to variations in the preformed sulphates. 

Increased: i. Meat diet, prolonged exercise, after taking sul- 
phur compounds. 
2. Fevers, rhemnatism, pneumonia, delirium tre- 
mens, cerebral meningitis. 
Diminished : i. Vc,L;etable diet (usually). 

2. Neijhritis, chlorosis, chronic diseases generally. 
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ORGANIC CONSTITUENTS OF URINE. 

(See p. 63S.) 

Formation of Urinary Constituents. — This has been the 
subject of a great deal of discussion. Do they exist preformed in the 
blood, or are they prepared in the kidney by the epithelial cells? 
Urea is the chief nitrogenous portion of the urine. Urea is formed 
outside the kidney, and is found in the blood, (i) Blood contains 
I in 3000 to 5000. The renal vein contains less than the renal 
artery. (2) After nephrectomy in animals, the urea increases gradually 
to I in 300 to 400. At the same time, diarrhea and vomiting come 
on. The fluids so voided contain urea. Such animals die in one to 
three days after operation. (3) After ligature of ureters, the urine 
ceases and urea accumulates in the blood. Urea is not formed in the 
muscles or nerves, but in the liver. Hoppe-Seyler denies that the liver 
contains urea. But Gescheidlen, Cyon, Von Schroeder, and Min- 
kowski affirm its production in the liver. They find that the urea in 
the blood increases in passing through the liver. By ligating the 
portal vein in geese, Minkowski found that lactic acid replaced 
uric acid in stools of this bird. Parkas noticed that in hepatic 
abscess, in the congestive stage, urea is increased ; in suppurative stage 
it is diminished. Urea is diminished in cancer of the liver, phthisis, 
and cirrhosis (usually). In congestion it is increased. Bruising the 
liver increases the excretion of urea, because of the resulting conges- 
tion. In acute yellow atrophy of the liver the urea is greatly decreased 
or absent, while leucin and tyrosin, the antecedents of urea, take 
its place. Urea is decreased in phosphorus poisoning. Drugs 
that increase bile (hepatic activity) also increase urea — viz. , sodium 
benzoate, sodium salicylate, colchicum, HgCl^, Hg^Clj, andeuonymin. 
Uric acid is formed outside of the kidney, and especially in the liver 
and muscles. In certain disorders of the liver and skin there is an 
excessive elimination of uric acid. It is increased in phthisis, and in 
most diseases in which oxidation is interfered with, in many or most 
febrile conditions, and in diseases of the lungs or heart. It is increased 
by all diseases accompanied by leucocytosis, or increase of white blood- 
cells, as in scurvy, leucocythemia, pernicious anemia, and 
during the infectious or specific fevers. (See Uric Acid, 
p. 466.) For the origin of the coloring matters, xanthin bases, 
creatinin, etc., the student is referred to these subjects in part iv, 
page 468, et seq. 

Hippuric acid is formed partly, at least, in the kidney. If a solution 
of sodium benzoate and glycin in blood be passed through the blood- 
vessels of a freshly excised kidney, hippuric acid appears in the 

% 
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blood issuing from it. The reaction of kidney tissue is always acid, 
even in those animals which secrete alkaline urine. 

Urea. — We have already discussed the formation of urea in the 
body, with the conclusion that it is principally formed in the liver. 
As we have stated, about 85 to 88 per cent, of the nitrogen from 
tissue metabolism in the body escapes by the urine as urea ; hence we 
may look upon the amount of urea eliminated as a measure of tissue 
change. This is only true in health. In certain diseases — as, for 
example, in yellow atrophy of the liver — the urea may almost disappear 
from the urine, and the nitrogen will escape in some other form. 
When we wish to measure the tissue metabolism, we usually determine 
the total nitrogen eliminated by the kidneys. This will give the 
amount of proteid metabolism going on in the body. It is usual to 
express the nitrogen as urea. One hundred gm. of muscle contain about 
3. 4 gm. of nitrogen, corresponding to 7.286gm. of urea. Or, i gm. of 
urea is equivalent to 13.72 gm. of muscle tissue, and i gm. of nitrogen 
is equivalent to 29.4 gm. of muscle tissue. If we know the amount 
of nitrogen taken as food, and the amount excreted by the urine and 
by the feces, we can calculate just what is going on in the body. 
When the amount of intake and excretion of nitrogen are equal, the 
body is said to be in nitrogen equilibrium — /. e., it is neither gaining 
nor losing nitrogen. As the amount of urea must vary with the amount 
of nitrogen ingested, a mere statement of the amount of urea excreted in 
twenty-four hours, without taking into account the amount of nitrogen 
taken as food, can not mean very much. The nitrogenous metabolism 
must be more in a large, robust man than in a feeble, half-fed one. It 
must be more in a man of 200 pounds than in one weighing 125 pounds. 
According to Uhle, adults pass, in twenty-four hours, for each pound 
of body-weight, 0.17 to 0.27 gm. of urea. A man of 150 pounds, 
according to these figures, would pass from 25.5 to 45 gm. of urea in 
each twenty-four hours; while a man weighing 200 pounds would 
pass from 34 to 50 gm. We may formulate this fact in this manner : 
For every 100 pounds in body- weight, an adult ought to excrete about 
20 to 25 gm. of urea in each twenty-four hours. Children ex- 
crete more in proportion to their body-weight than adults. Thus, from 
three to six years of age, they secrete for every pound of bodj'- 
wcight 0.45 gm. of urea in each twenty-four hours; at eight to eleven 
years, 0.36 gm. ; at thirteen to sixteen years, from 0.18 to 0.27 gm. 
in twenty-four hours. ^ 

The Relation between the Excretion of Urea and Chlo- 
rides. — In normal conditions the chlorides, calculated as NaCl, 
are about one-half as much as the urea. When the urea is being 
derived from the destruction of tissue, or when the body is living upon 
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its own proteids, this ratio will be changed. For the tissues contain 
much less NaCl than our average food. In total abstinence from 
food, the NaCl almost disappears from the urine. In all febrile 
diseases, we should expect that this ratio would be disturbed, as it 
usually is. 

The excretion of urea is increased in all acute fevers. In 
such cases the patient eats little, and excretes more urea than in 
health, and less chlorides. This ratio between urea and chlorides 
may sometimes assist us in diagnosis of certain obscure wasting dis- 
eases. In acute febrile diseases the excretion of urea has the follow- 
ing course : At the beginning, and until the acme is reached, urea is 
increased to 40, 50, or even 60 gm. in twenty-four hours. It then 
grows less, and falls below normal as the fever abates, and gradually 
comes up to normal again during convalescence. In intermittent 
fever the urea is increased before the chill or paroxysm. 

In those febrile diseases which end by a crisis, as pneumonia, the 
increased elimination of urea may continue for several days after the 
crisis. Another exception to the general course of the elimination of 
urea is in the disease known as acute yellow atrophy of the liver. 
In this disease the urea nearly or entirely disappears from the urine, 
and is replaced by leucin and tyrosin. In most chronic diseases with 
diminished nutrition, it is below normal. In hectic exacerbations it 
increases during the fever. Near the fatal termination of fevers the 
urea decreases very much, or it may almost disappear during the last 
twenty-four hours. Among the non-febrile diseases in which urea is 
increased, the most marked case is diabetes mellitus, in which it often 
rises as high as 100 to 150 gm. in twenty-four hours. A partial ex- 
planation of this large amount of urea is found in the large amount 
of food taken by such patients, although there is an increased tissue- 
destruction in this disease. A moderate increase has been noticed in 
cases of pernicious anemia, severe cases of leucocythemia, scurvy, 
chorea, and paralysis agitans. There is usually an increase after epileptic 
seizures, and some have noticed the same thing after attacks of hystero- 
epilepsy. Certain drugs cause an increased elimination of 
urea. An increase is produced by coffee, caffeine, morphine, ammo- 
nium chloride, NaCl, KCl, Li^COj, and the ingestion of large 
drafts of water. In regard to the effects of quinine, salicylic acid, 
and cold baths, opinions differ. It is greatly increased in phosphorus 
poisoning. Electrical stimulation seems to increase the elimination of 
urea. The elimination of urea is decreased by any cause that in- 
terferes with hepatic activity, as in all organic diseases of this organ. 
It is very much decreased in carcinoma and cirrhosis of the liver, and 
in acute febrile jaundice (Weil's disease). A careful estimation of the 
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output of urea is then often of service in the diagnosis of hepatic 
disease. In chronic lead poisoning urea is decreased. Also in 
Addison's disease. In most forms of nephritis, especially in all 
forms in which the tubules or the circulation are affected, urea is 
diminished. As urea is separated by the epithelium lining the 
convoluted tubes, any disease of this epithelium will interfere with its 
excretion. 

Uric Acid. — C^H^N^O,. Uric acid is found as a normal con- 
stituent of the urine ot all carnivorous animals and of birds. This 
acid was formerly regarded as an antecedent of urea. This idea is 
now abandoned by most jjhysiologists. The origin of uric acid has 
been the subject of much discussion and experimentation. The latest 
notion of the generation of urea and uric acid regards Icucin, tyrosin, 
glycocol, and asparaginic acid as the antecedents of urea, and nucleinic 
acid as the principal antecedent of uric acid. (Compare pp. 468 and 
518.) According to this view, any increase in the number of leucocytes 
of the blood ought to increase the production of uric acid. As 
the spleen is generally regarded as in some way connected with the 
production of the white blood-cells, and as these blood-cells are 
largely the source of nucleins, it would follow that the spleen is largely 
concerned in the production of uric acid. Thus, in hypertrophy of 
the spleen the production of uric acid is increased, and the amount 
has been found to decrease as the spleen decreases in size. Hor- 
baczewski showed that uric acid is produced when the blood of calves 
is left in contact with splenic tissue, in presence of oxygen. The 
amount of uric acid excreted by a healthy man is subject to rather 
wide variations, ranging from 0.2 to i gm. in twenty-four hours. 
The quantity excreted in the urine is not always an exact measure of 
the amount produced in the system, for it has been shown that this 
acid can be, and often is, stored up in the tissues. The formation 
and the elimination of uric acid are two entirely different things. 
Both of these factors are of the greatest importance in diagnosis 
and treatment. Uric acid is a dibasic acid, and hence forms neutral 
and acid salts. It occurs in the urine as free acid, as neutral sodium 
and potassium and ammonium urates, and as acid urates of sodium and 
])robabIy of ammonium. The neutral salts are quite freely soluble 
in water, while the acid salts are soluble with difficulty, and the free 
acid is almost insoluble, and appears as a more or less colored sedi- 
ment. When pure, uric acid forms a white crystalline powder, soluble 
in 14,000 parts of cold water, and in iSoo parts of boiling water. 
It is soluble in alkalies, even in the carbonates of the fixed alkalies. 
The acid is soluble in sodium phosphates, and these salts in the blood 
serve to hold it in solution in that fluid. It reacts with the sodium 
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phosphate of the blood to produce the neutral or acid urate, accord- 
ing as it is present in smaller or larger quantities : 

2Na,HPO, + qH.Np, = 2NaH,P0, + Na,C,H,N,0, 
Or— 

NajHPOi + CjHiN^Os = NaH^PO^ + NaHCsH^NjO,. 

The greater the proportion of sodium phosphate in the blood, the 
greater is the solvent power of this iluid for uric acid. Hence, when 
we wish to increase the elimination of uric acid, with a given produc- 
tion of it, we do so by increasing the alkalinity of the blood. When 
the alkalinity of the blood runs down, it is capable of proof that the 
uric acid is stored in the tissues, to be dissolved out and thrown into 
the circulation whenever the alkalinity rises again. From these facts 
it is evident that a single estimation of the amount of uric acid on a 
given day does not necessarily give the production for that day. Uric 
acid, when present in excess in the body, gives rise to certain fairly 
well-described symptoms, such as headaches, muscular pains, neural- 
gias, nervous irritability, irritable heart with increased blood tension, 
gout, and nephritic irritation or nephritis. Excess of uric acid excre- 
tion maybe the result of an increased production, or of a diminished 
elimination ; it is important, from a therapeutic standpoint, for the 
physician to determine which. This is not always an easy matter. 
The quantitative estimation of uric acid is time-consuming, and, as we 
have seen, a number of such determinations are necessary to make 
these determinations of much value. Persons differ very much as to 
their tolerance of uric acid, some being very sensitive to a slight in- 
crease of it, while others seem to tolerate large quantities without 
marked symptoms. There is, in health, a fairly constant relation 
between the amount of uric acid and the urea excreted. The ratio, 
as stated by different authors, varies somewhat according to experi- 
ence, and according to the methods used to estimate the urea and 
uric acid. Some place it as low as i to 50 or 60, while others 
at I to 35 or 40. Haig, who examined his urine for 2013 days, 
found the ratio to be about i to 33 or 35. Yvon and Berlioz 
found it I to 30 in one set of experiments, and i to 40 in another. 
Lecanu found i to 33. Simon gives it as i to 50 or 60, which 
latter ratio is probably low. My experience with the methods given 
in this book makes the ratio about i to 40. In pathological states it 
often runs as high as i to 20, or in leucocythemia as high as i to 12. 
Uric acid is usually increased in most febrile diseases, as typhoid, 
pleurisy, pneumonia, pericarditis, rheumatism, etc. It is generally 
increased in gout, chlorosis, anemia, chronic nephritis, progressive 
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muscular atrophy, and chronic lead poisoning. An increased elimi- 
nation of uric acid, constituting a disease known as the uric acid 
diathesis, should be mentioned. Among foods, fresh, butchers' 
meats produce the greatest increases in the production of uric acid. 
Such meats contain some uric acid ready formed, but they contain 
also xanthins, which are the immediate generators of this acid, and 
hence they introduce uric acid beyond what is produced in the natural 
course of metabolism. Hence, it is necessary for persons the subjects 
of the uric acid diathesis to refrain from the free use of such meats. 
Fats and sugars cause an increased elimination of uric acid. It has 
recently been shown that a diet rich in nucleins, as thymus, splenic 
and pancreatic tissue, greatly increase the elimination of uric acid. 
Tea, coffee, and cocoa are said to increase the production of uric 
acid, because the caffein which they contain is easily converted into 
uric acid (Haig). 

Of drugs that increase the elimination of uric acid, salicylic acid 
and its salts, sodium phosphate, salicin, salol, piperazin, quinine, and 
belladonna deserve to be mentioned. 

The drugs that cause a diminished elimination of uric acid are the 
mineral acids, iron, lead, mercury, silver, copper, zinc, manganese, 
calcium, opium, cocaine, the iodides, ammonium salts, nitrites, 
strychnine, and many others. These drugs cause a diminished elimi- 
nation by forming insoluble compounds with the acid, and holding it 
back from the blood, while those which increase the elimination do 
so because of their power of rendering the acid more soluble in the 
blood, and thus cause this fluid to dissolve it out of the tissues and 
carry it to the kidneys. It is evident that if these drugs cause an 
elimination of more than is being formed in the body at the time, 
their action in this direction can not go on indefinitely, for the supply 
must soon give out. Such is the clinical result of their long-continued 
use. For this reason works on clinical medicine usually recommend 
that in giving the salicylates, if no good results are obtained after 
two or three days, it is best to try another remedy. Haig states that 
we may use salicylic acid as a test of the presence of uric acid in 
the tissues. For, if the administration of a dose of 15 grs. of this 
acid causes the ratio of uric acid to urea to rise above i to 30, we may 
conclude that there must have been an excess of uric acid in the tissues 
before its administration. From the above discussion we see that uric 
acid is a very important constituent of urine, and many disorders 
have been attributed to its presence in either the blood or tissues. 
There is a dilTerence of opinion as to whether the acid is more 
harmful when in the circulation, or in the tissues. Haig claims that 
it is most injurious when in the blood, while others, among whom is 
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Sir William Roberts, claim that it can produce gouty lesions, at least, 
only when it precipitates in the tissues. 

Pigments. — The normal color of the urine is due to several pig- 
ments, chief of which is urobilin. There are two varieties — normal 
and pathological urobilin. Normal urobilin may be obtained by pre- 
cipitating it from the urine with basic lead acetate and extracting the 
color from the precipitate with alcohol ; acidifying with Hj,SO^, 
treating with CHCl,, separating and evaporating off the chloroform. 
Urobilin is an amorphous, yellow-brown powder. When the urine 
is treated with ammonia and ZnCl^ solution, it gives a fine green 
fluorescence. In fever urines it can be precipitated by NH^OH -|- ZnCl^. 
It gives a characteristic spectroscopic absorption band between b and f 
in the green. Urobilin increases in the urine, on standing, by oxida- 
tion of a chromogen or urobilogen. It is derived from both biliary 
pigments. Some have believed that the urobilin was the same as ster- 
cobilin, the coloring matter of the feces. The spectroscopic bands 
are not the same, however, for the two. It is probable that stercobilin 
and hydrobilirubin are absorbed from the intestine, and are slightly 
modified and secreted by the kidneys as urobilin. In febrile diseases 
the urobilin differs spectroscopically from normal urobilin. The for- 
mer seems to be a less oxidized stage of the same material than the 
latter. Baumetz looks upon this substance as an evidence of deficient 
hepatic acitivity. After extensive extravasations of blood into the 
tissues of the peritoneum, the urine becomes dark from excess of this 
.pathological urobilin. Urohematoporphyrin is a pigment that has 
been found by MacMunn and Nobel in the urine of certain diseases, 
as Addison's disease of the suprarenal capsule, Hodgkin's disease 
(leucemia), acute rheumatism, cirrhosis of liver, pneumonia, peri- 
carditis, peritonitis, measles, typhoid fever, meningitis. This pig- 
ment closely resembles pathological urobilin. 

Aromatic substances found in the urine. — The chief of these 
are indoxyl (sometimes called indican), skatol, phenol, cresol, cate- 
chol, and cystin. These aromatic bodies are generated chiefly in the 
intestinal canal, and are absorbed and eliminated by the kidneys. 
They exist in the urine, in combination with sulphuric acid and 
potassium, as ethereal salts. They undergo some oxidation in passing 
through the blood. Thus, in the case of indol, which is the substance 
produced in the bowel, it is oxidized into indoxyl : 

CgHjN + O = CgHjNO. 

The indoxyl then reacts with H^SO^ as follows : 

C,H,NO + SO,<gH = SO,<gs^6NO^ ^^^ 
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This indoxyl-sulphuric acid reacts with N^HPO^ as follows: 

CgHjNOSOjOH + NajHP04 = f;H„NOSOjONa-|- NaH^PO^. 
Indoxyl-sulphunc Acid. Sodium liidoxyl-sulphate. 

These aromatic substances are produced as decomposition products 
whenever proteids undergo putrefactive changes under the influence 
of bacteria. It has now been pretty well settled that micro-organisms 
are always concerned in the production of indol, at least, and pro- 
bably also of skatol and some of the others. The presence of these 
substances in the urine indicates putrefactive decomposition of proteid 
matters somewhere in the body, and that the decomposition products 
have found their way into the circulation. Indoxyl has been studied 
more than the rest of these aromatic substances, because it is the 
easiest one to recognize in the urine. Indoxyl is a colorless body, as 
it occurs in the urine, but it is easily converted into indigo-blue by 
oxidizing agents. (Seep. 638.) 

aCgHeNKSO, + 0^ = CgH^ — NH — HX — C„Hj. 

o o 

The amount of indoxyl present may be roughly estimated by the 
depth of the blue color. For the purpose of making the color more 
evident we may, and usually do, add a little chloroform, which dis- 
solves the indigo and carries it down with it as it separates. Some- 
times a red color (indigo-red, urrhodin, or indirubin) instead of 
indigo-blue is obtained, and this colors the chloroform red or violet, 
from a mixture of the two colors. The indigo-red can be dissolved 
out with ether. Sometimes the urine remains red after shaking with 
chloroform and ether, due to a red pigment produced by oxidation of 
skatoxyl. Just what conditions lead to the production of indol, skatol, 
or phenol have not been determined. According to Filati, indo! is 
produced only in the small intestine, while skatol is produced in the 
large intestine. This idea, however, is contradicted by the fact that 
when an artificial anus is established near the lower end of the ileum, 
the indican and ethereal sulphates almost disappear from the urine, 
and reappear when the connection between the small and large 
intestine has been reestablislied. This skatol — red coloring matter — 
is easily separated from the urine, after removing the indoxyl with 
( hloroform, by pouring off the urine and shaking this with amyl- 
aicohol, when the pigment dissolves and rises to the top. It is very 
dt'sirable that we should have further studies of this substance. 

The detection of phenol is not often possible without first distilling 
it off, after making the urine acid with HjS(>^. This is somewhat 
tedious, and is not very often done, more especially as we do not 
know the conditions that develop it. 
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As we have already said, the presence of indoxyl generally shows 
that somewhere in the body putrid decomposition of proteids is taking 
place. The most likely as well as the most frequent place where this 
occurs is in the intestine. We know, also, that the intestines, in 
health, always contain micro-organisms. When absorption is retarded 
or in any way seriously interfered with, or if the digestion of the pro- 
teids is incomplete or greatly delayed, these organisms feed on the 
unabsorbed matters and develop indol, which is absorbed and appears 
in the urine. Under such circumstances the amount of indoxyl 
found, in the iirine is a measure of the amount of putrefaction of the 
proteids of the food in the intestine. The largest amount of indoxyl 
secreted, in health, is found after a meal rich in animal food, espe- 
cially of the fresh meats; it is smallest during a milk diet, or a diet 
of kephir, kumiss, or buttermilk. Indeed, we can reduce the amount 
of intestinal fermentation to a minimum by a milk diet. Pot-cheese 
has also been found to be very effective. Anything that retards 
peristalsis, as acute and chronic peritonitis, and especially ileus or 
acute obstruction of the bowel, will increase the indoxyl in the urine. 
In intestinal obstruction, this may be of great assistance in making a 
differential diagnosis, as in obstruction of the small intestine the 
amount of indoxyl is very great, while in disease of the colon it is 
seldom or never increased. 

Allen McLane Hamilton has recently discussed the relation of in- 
doxyl to mental diseases, and concludes that intestinal decomposition 
has a marked influence in producing certain forms of insanity, 
especially cases of rapidly developing delusional insanity. He re- 
gards the test for indican as of great importance in all insanity cases. 
He confirms what has been stated by others, that some forms of 
melancholia are due to auto-intoxication, or the absorption of the 
products of putrefaction from the intestines (" N. Y. Medical Jour- 
nal," October 31, 1896). 

Simon has noticed that there is a close relationship between the 
amount of HCl secreted by the stomach and the amount of indoxyl 
found in the urine. In general, when there is no absorption of 
decomposed pus anywhere in the body, and there is no stenosis of the 
small intestine, and the person is taking a normal diet containing no 
excess of red meats, a decrease of HCl is accompanied by an increased 
amount of indoxyl in the urine. Exception is made in hysterical 
hypochlorhydria, and the same condition associated with organic disease 
of the stomach. In hyperchlorhydria, except in cases associated 
with ulcer of the stomach, there is usually a diminished excre- 
tion of indoxyl. This substance, therefore, has, according to this 
author, a new significance. Very large quantities are excreted in 
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such diseases as carcinoma of the stomach, and other diseases that pro- 
duce a diminished secretion of HCl, as acute and chronic gastritis 
and gastric catarrh. 

In all cases in which the peristaltic movement of the intestine is 
impeded, as in obstinate constipation, obstruction, peritonitis, ileus, 
etc., indican is increased. It is not necessarily increased in simple 
constipation without other disease. When it is found in such cases, 
we should look for disease of the stomach, possibly carcinoma or 
catarrh. As albuminous putrefaction can take place within the body 
outside of the intestine, as in empyemia, putrid bronchitis, gangrene 
of the lung, and in old abscesses, we may expect to find indoxyluria 
in such cases. Of course, it may be found in pyemia and. septicemia. 
Indoxyl is found in e.xcess in most cases of Bright's disease, but it is 
probable that it is here only as a result of the digestive disturbance that 
is associated with this disease. Its presence in epileptic subjects just 
before an epileptic seizure has frequently been noticed. This fact 
has led some to believe that there is some relation between the intes- 
tinal fermentation and the seizures. From my own experience, I am 
inclined to think that some attacks may be averted by a brisk 
mercurial purge, if the intestinal disturbance is recognized in 
time. 

Indican is increased in most cases of pernicious anemia, chorea, and 
chlorosis. In some cases of melancholia, and even in many cases 
of insanity, indican is increased, and the symptoms are greatly im- 
proved by intestinal antisepsis and cathartics. 

The preformed sulphates, as well as the ethereal sulphates, are 
increased by a diet rich in animal foods, especially the red meats, as 
well as by intestinal fermentation and proteid decomposition. As 
the two kinds of sulphates increase and decrease from this cause 
in about the same satio, some writers, as Bernacki, Hoppe-Seiler, 
Baumann, and Rovighi, hold that an increase in ethereal sulphates 
may mean nothing unless the ratio of these to the preformed sulphates 
is disturbed. The normal ratio is about i of the ethereal to lo 
of the preformed sulphates. In cases of marked intestinal fermenta- 
tion the ratio sinks to i to 2, or i to 3. Others prefer to be guided 
by the actual increase of the ethereal sulphates. A very practical 
limitation to the use of such information lies in the fact that it takes 
considerable time to make these determinations. This is out of the 
question with a busy practitioner, even if he possess the requisite 
skill. 

Urohematin is the name sometimes applied tn indigo-red. 
When nitric acid is added to urine containini; it, a deep-red or ma- 
hogany color is produced. Tiiis is sometimes spoken of as Rosen- 
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bach's reaction. It should be regarded in the same light as a 
highly increased amount of indoxyl. Uroroseinogen is another 
red pigment that has been found in the urine, but its significance has 
not been made out. Urohematin, hematoporphyrin, and uro- 
hematoporphyrin have also been described as occurring in urine. 
They are derived from blood-coloring matter. Hematoporphyrin is 
a color that is found occasionally in the urine of persons who are 
taking salol. Hematin and hemoglobin are found in urines in mala- 
ria, and in some other diseases accompanied by destruction of the 
red blood-corpuscles. The coloring matters in such cases respond 
to the guaiacum and turpentine test, but the sediment does not show 
blood-corpuscles under the microscope. 

Toxicity of Urine. — Toxic substances of a basic nature have 
been found in traces in normal urine. In pathological states, how- 
ever, and especially in some febrile diseases, such as typhoid, pneu- 
monia, pleurisy, cholera, typhus fever, and acute yellow atrophy of 
the liver, large amounts may often be found. These substances are 
mostly diamins, and are to be found among the products of albumi- 
nous putrefaction. Bouchard pointed out that these substances are 
probably produced in the lower part of the intestinal tract. The two 
diamins that are most commonly found are putrescin and cadaverin. 
Ptomaines have been frequently found in the urine of maniacs, a 
confirmation of the notion that auto-intoxication with substances 
absorbed from the intestines plays an important part in the etiology 
of insanity. It has long been known that even normal urine is poi- 
sonous when it is introduced into the circulation of man or of the lower 
animals. It has been determined by experiment that the toxicity of 
the urine of the same individual is not always the same. Bouchard's 
work on the subject has thrown much light on our knowledge of the 
toxicity of the urine. He details a series of experiments made by in- 
jecting varying amounts of urine into the circulation of healthy 
rabbits, with careful records of the results. 

The symptoms he observed are : i . Contraction of the pupils of 
the eyes. 2. Shallow and accelerated breathing. 3. Increase of 
urinary secretion. 4. Fall of temperature. 5. Diminution of the 
reflexes. 6. Convulsions, usually followed by coma and death. 

He calls that quantity of urinary poisons capable of killing a rabbit 
weighing i kilogram the urotoxic coefficient. The normal 
urotoxic coefficient in man is about 0.465 — that is, each kilo- 
gram of body weight secretes in each twenty-four hours enough 
poison to kill 0.465 kilogram of rabbit or of living matter. In 
other words, each pound of our bodies will furnish enough poison 
in twenty-four hours to kill 0.465 pound of our body, and hence, 
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in about two and one-sixth days, it will furnish enough to kill 
itself. 

This agrees very well with the time a man usually lives during total 
suppression of urine. Three days is seldom exceeded, although some 
elimination by the skin or intestine is usual. 

He determined that the cause of the toxic action of urine is princi- 
pally in the urinary solids. Urine secreted in the waking state is 
more toxic than that secreted in sleep. The latter is convulsive in 
its effects, while the former is narcotic. The convulsive agents are 
principally the mineral salts. 

Bouchard has shown that putrefaction in the intestine has a 
great influence upon the toxicity of the urine. In the case of a 
man, the subject of gastric trouble, he found that 30 to 40 c.c. 
of urine induced death of i kilogram of animal ; while, after disin- 
fection of the intestines with naphthalene, 90 to 100 c.c. proved harm- 
less. On discontinuing the naphthalene, the toxicity of the urine 
returned. He also found that the administration of charcoal in 
large doses greatly reduces the toxicity of the urine without es- 
pecially checking the putrefaction in the intestines. He demonstrated 
that filtering a toxic urine through charcoal reduced the toxicity of 
this fluid. Experiments showed that the aqueous extract of putrid pro- 
teid matter is very toxic, while that of fecal matter is slightly so. 
The alcoholic extract of putrid matter is not very toxic, while that of 
the feces is very toxic. The experiments of Bouchard seem to estab- 
lish beyond doubt that the cause of the toxicity of the urine lies chiefly 
in the potassium salts. Potassium salts are forty-four times more toxic 
than sodiimi salts. He found that so small a quantity as 0.050 gm. 
of potassium bicarbonate was enougii to kill a kilogram of animal, with 
violent convulsions, the convulsions coming on after the injection of 
only 0.030 gm. of the salt. .Ammonia is less toxic than potassium, 
but more so than sodium. One hundred and fifty milligrams of 
ammonia, combined with carbonic acid, produced convulsions and 
death of a kiloijram of animal. Next to ammonia in importance as a 
toxic agent come the extractive matters, which are removed by filtra- 
tion through charcoal. These probably include the alkaloidal sub- 
stances produced in the intestine by putrid fermentation. 

Sugar (C„H,jOj) — Grape-sugar, G/iicdu-. Sfanh-siigar, or Liver- 
sugar (see p. 81). — According to some authorities, glucose is nor- 
mally present in traces (Brucke and Bence Jones), but according to 
Seegan, whose investigations are recent and comprehensive, the secre- 
tion of sugar is not physioloLjical, and normal urine does not contain 
sugar. .Sugar occurs in large amounts only in the disease known as 
diabetes mellitus, anil hence it is accompanied by the secretion of a large 
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amount of light-colored urine of a specific gravity usually above normal, 
and having a sweetish odor and taste. Sugar is also found in the urine 
in certain other affections, especially in disturbances of the abdominal 
circulation. By wounding certain parts of the medulla, temporary 
glycosuria may be produced in the lower animals. During the first 
week of lactation, and after any obstruction to the flow of milk, 
as after weaning, there is always a small quantity of sugar in the 
urine, probably lactose. Sugar has appeared in the urine after 
internal administration of turpentine, nitrobenzene, and nitrotoluene. 
The liver is continually pouring glucose into the blood to the extent 
of 1850 grs. per day (4 oz. or 120 gm.), which is burned in the 
economy. Anything which prevents this oxidation may cause it to 
appear in the urine. An unusually light-colored or greenish-yellow 
colored urine, passed in large quantity and of high specific gravity, 
should always excite suspicion and lead to a test for sugar. A high 
specific gravity with decreased quantity is frequently met with, which 
usually contains an excess of mucin, urates, and coloring matter, but 
no sugar. Such urine will often reduce alkaline copper solutions, but 
not the alkaline bismuth solution. 

Urine containing glucose is somewhat viscid, froths easily, and 
often has a sweetish odor. 

Diabetes Mellitus. — The disease known as diabetes niellitus is 
characterized by the excretion of an abnormally large amount of urine 
of high specific gravity and light color, and containing sugar and an 
excess of urea. The patient usually, if not always, complains of 
thirst, loss of flesh, and frequent micturition. It is for this last symp- 
tom that he usually consults the physician. 

The disease seems to be more frequent in England than in the 
United States. Statistics seem to show that in the former country 
there are about five deaths in every 100,000 due to diabetes mellitus, 
while in this country about 2.8 per 100,000. No age is exempt from 
the disease. It is, however, more frequent between the ages of thirty- 
five and sixty. 

Etiology. — The etiology of diabetes mellitus has been the subject 
of a great deal of discussion, and many different opinions have been 
advanced. It is pretty well agreed that the cause of the appearance 
of sugar in the urine is due to some disturbance of the relation 
between the sugar-producing and the sugar-destroying functions. 
C. Barnard has shown that an experimental glycosuria can be pro- 
duced in lower animals by the irritation of the floor of the fourth 
ventricle. Cases have been reported in which tumors in this region 
have led to the production of glycosuria. 

An important element in the production of this disease seems to be 
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certain profound disturbances of the nervous system, as great sorrow, 
nervous shock, etc. This cause, however, accounts for but a part of 
the cases seen. About fifty per cent, of the cases are associated with 
disease of the pancreas, as cyst, fatty degeneration, atrophy, calculus, 
or cancer. This has led to the application of the term pancreatic 
diabetes to these cases, while those of nervous origin have been termed 
neurotic diabetes. 

A still considerable number of cases do not come under either of 
the foregoing groups. In many of them the origin and pathology can 
not be satisfactorily determined. In most cases of diabetes mellitus 
there are other pathological findings which are not regarded as causes, 
but as effects. Among these, the liver is frequently found intensely 
hyperemic. The kidneys become more or less diseased as a result 
of overwork in the elimination of the large amount of sugar, urea, 
and water. 

Symptoms. — Thirst and frequent micturition are the earlier symp- 
toms noted by the diabetic. In addition to thirst, there is usually an 
intense dryness of the fauces, tongue, and lips. The saliva becomes 
viscid and the patient frequently moistens his lips with his tongue. 
The skin is usually dry and harsh, due to the absence of perspiration. 
The temperature is normal. Itching of the skin, dyspeptic symp- 
toms, or voracious appetite and constipation are usually ob- 
served. Loss of weight and gradual loss of strength are the rule. 
Less frequent and constant symptoms are cough, tuberculosis, boils 
and carbuncles, eczema, severe neuritis, most often of the brachial 
and cmral nerves, derangement of the special senses, especially of 
vision and occasionally of hearing, smell, and taste. The fatal ter- 
mination of diabetes mellitus is most often preceded by coma, the so- 
called diabetic coma. Much has been said as to the appearance of 
acetone and diacetic acid as a forerunner of diabetic coma. More 
extended researches do not confirm this relation, as acetone and dia- 
cetic acid are often present for a long time without the appearance of 
diabetic coma, and many cases die of coma in which acetone and dia- 
cetic acid are not overabundant in the urine. 

Tyson says upon this subject that all views as to the cause of diabetic 
coma are speculative. He believes, with Stadelmann and Minkowski, 
th.nt diabetic coma is more often associated with hydroxvbutyric acid. 

Diabetic coma must not be confounded with other forms of coma 
occasionally met with in diabetes, as, for example, apoplexy and 
uremia. No doubt many cases which pass for true diabetic coma are 
cases of uremia, for, as above stated, sooner or later the kidneys are 
apt to become structurally deranged. 

Albuminuria (see p. 74). — .\lbumin may appear in the urine 
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in a variety of conditions. Albumin is a generic name, and in- 
cludes a number of more or less closely related bodies. The 
proteids which may be met with in the urine are serum-albumin, 
serum-globulin, albumoses (proteoses or propeptones), nucleo- 
albumin, fibrin, hemaglobin, and histon. Egg-albumin has been 
claimed by some as an occasional constituent of the urine of 
persons after eating freely of eggs. Of the different forms of albu- 
minous bodies found in the urine, the most important, from a clinical 
standpoint, is serum-albumin, and, next to this, globulin and albumose. 
When the term "albuminuria" is used, it is usually understood to 
mean serum-albumin in the urine. 

Some years ago albuminuria was looked upon as evidence of a serious, 
diseased condition. In recent years it has been very much discussed 
whether it may not occur in, and be compatible with, good health. It 
has been claimed by some that albumin may occur temporarily in the 
urine of certain persons who are in a state of normal physiological 
health. This form of albuminuria has been called by them physio- 
logical or functional albuminuria. In some persons the albumin 
may appear at intervals, and then disappear to reappear again. This 
form of albuminuria has been called cyclic albuminuria, or inter- 
mittent albuminuria. Some authors regard all forms of albumi- 
nuria as abnormal, but they admit that it may appear in cases where 
no other symptoms of disease can be made out. It is admitted by 
all that albumin does not appear in the urine as a regular every-day 
occurrence and without cause. It is certain that very slight causes 
are sometimes sufficient to determine its appearance ; and yet, a normal 
kidney, without any disturbing element, does not allow albumin or 
globulin to pass into the urine. The disturbing element is often so 
slight that many authors are not willing to admit that it constitutes a 
pathological condition. Such, for example, are : severe muscular 
exertion, a cold bath, mental exertion, severe emotions, menstrua- 
tion, during digestion, etc. 

Albuminurias are usually discovered accidentally, most often by 
life-insurance medical examiners. Great care should be exercised in 
making a diagnosis of physiological albuminuria. For such a diag- 
nosis the amount of albumin must be small, not exceeding one-tenth 
of the volume of the urine tested ; no tube-casts should be present, 
the amount of urea should be fully up to normal, there should be no 
retinal changes, no hypertrophy of the left ventricle, no dropsy, and 
no abnormal pulse-tension. 

The albumin is usually absent from the urine passed on rising in 
the morning, although this is not absolutely necessary. When this 
does occur, it is a strong point in favor of the diagnosis of functional 
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albuminuria. Such cases should be watched for some time before we 
decide that we are dealing with a case of " functional albuminuria." 

The association of albuminuria with an increased elimination of 
uric acid and calcium oxalate has been noticed by some authors. 
There can be no doubt that these substances exert an irritant action 
upon renal epithelium, and cause disturbance enough to temporarily 
allow a little albumin to pass through. This albumin can be made 
to disappear by proper diet and treatment; but, if it be neglected, 
it will sooner or later cause granular degeneration of the kidneys. 
While such albuminurias may be only temporary in character, the 
conditions under which they occur can not be regarded as physio- 
logical, although they are not pathological in the sense that there is 
any evident organic change in the kidney structure. 

We may conveniently classify the different forms of albuminuria as 
follows : 

1 . Functional albuminuria, which has already been described. 

2. Febrile Albuminuria. — Under this head we would place the 
appearance of albumin in the course of many of the specific fevers, 
not dependent upon a true nephritis. The albumin usually ap- 
pears at or near the acme of the disease, and it disappears during 
convalescence. In typhoid fever, for example, it is to be expyected 
that albumin will make its appearance in the urine during the height 
of the fever, and Robin, who has studied this subject, says that it 
appears in all cases at some time. My own experience does not 
confirm this statement. I have seen cases in which I have not been 
able to find it at any time during the course of the fever. As to the 
cause of the albuminuria, opinions differ. Perhaps it would be better 
to say that it may be due to several causes, and each of these have 
been magnified by some one author. The causes that may be men- 
tioned are : Changes in the blood-tension ; the irritation of the 
bacterial poisons ; the irritation of the concentrated, highly acid 
urine, containing an excess of urea, uric acid, and extractive matters; 
or changes in the composition of the blood itself. 

The following notes from Robin's work on " The Urine of Typhoid 
Fever " will give an idea of the occurrence of albuminuria in other 
fevers : 

Pneumonia : Albumin is usually present as in typhoid. At times 
abundant, especially in severe cases. 

Acute miliary tuberculosis : Albumin not so constant as in typhoid. 
When present, it is not so abundant as in the severe or fatal cases of 
typhoid. 

Epidemic influenza; grippe: Albumin present in traces in about 
twenty per cent, of the cases. 
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Gastric fever : Albumin seldom present. 

Herpetic fever; urticaria : Never present in more than traces. 

Rubeola : Present only in the severer cases. 

Scarlatina : Albumin present in a considerable number of the cases, 
but usually by virtue of a veritable nephritis. 

Enteritis in adults of the adynamic type : Traces usually present. 

Cerebrospinal fever : Albumin present in fairly large amount. 

Vegetative endocarditis : Albumin usually present in variable amount. 

Acute rheumatism : Albumin present in about forty per cent, of the 
cases. 

Intermittent fever : Albumin present in some cases, but is not 
constant. 

In short, it may be said that albumin may be present in all fevers. 

3. Albuminuria Due to Circulatory Disturbances. — To this class 
belong those resulting from cardiac insufficiency due to valvular 
disease or dilatation, leading to renal hyperemia. The pressure of 
abdominal tumors or of a gravid uterus, violent exercise, and other 
causes of disturbed renal circulation may cause albuminuria. 

4. Toxic Albuminuria. — This has already been referred to as a 
possible explanation of the albuminurias of the specific fevers. Some 
authors claim that the albuminuria of pregnancy is due in part, at 
least, to changes in the blood during this condition. Some of the 
functional albuminurias are due to changes in the composition of the 
blood, and Semraola and others believe that in Bright' s disease the 
first change is a blood change. Clinically, we observe albuminuria 
of toxic or hemic origin in scurvy, purpura, leukemia, pernicious 
anemia, and in poisoning with cantharides, mustard oil, turpentine, 
carbolic acid, salicylic acid, petroleum, lead, mercury, copper, iodine, 
phosphorus, arsenic, antimony, alcohol, the poison of syphilis, uric 
acid, diabetes mellitus, and after inhalations of ether and chloroform. 

5. A neurotic albuminuria has been described by some. Found after 
epileptic seizures, in delirium tremens, neurasthenia, migraine, and 
Basedow's disease (exophthalmic goitre). This may be a useful test 
for malingerers. (Senator.) 

6. A digestive albuminuria must be recognized. This is occa- 
sionally seen after the free indulgence in eggs or beef, and it has been 
seen after drinking freely of root-beer and ginger-ale. English and 
Frank found albuminuria in two-thirds of the cases of obstruction of 
the bowel, the quantity being in proportion to the severity of the dis- 
ease. This disappeared with the relief of the obstruction. 

7. Albuminuria from Organic Disease of the Kidneys. — In acute 
nephritis albuminuria is constant, but the amount is subject to con- 
siderable variation. The quantity is usually proportional to the 
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intensity of the disease, from a daily amount of from 5 to 15 or 
20 gm. 

In chronic parenchymatous nephritis the amount of albumin is 
usually rather large, and its presence is very constant. In the chronic 
interstitial form the presence of albumin is not so constant, and the 
quantity is small. Indeed, cases have been reported in which albu- 
min was never found, and the diagnosis was confirmed by an autopsy. 
Nor are cases rare in which no diagnosis of nephritis is made before 
death, it being made only at the autopsy. 

In chronic amyloid degeneration the amount of albumin is small, 
but it is more constant than in chronic interstitial nephritis. 

8. Accidental Albuminuria. — By this term we will designate albumin 
added to the urine with pus, blood, leucorrhoeal discharge, blen- 
norrhc5ea, spermatic fluid, lymph, or chyle. Whenever albumin is 
found in the urine, it becomes an important matter to determine its 
source and meaning. This is not always an easy matter. We must 
also remember that we may have a mixed origin of the albumin ; a 
part of it may come from the kidneys, and a part of it may be acci- 
dental. In most cases a careful microscopical examination will re- 
veal its source, for pus, blood, vaginal discharge, spermatic fluid, 
urethral discharge, and chyle will be made evident at once. In cases 
of doubt it wi'l be necessary to obtain the urine with a catheter, or 
even by catheterization of the ureters. We can frequently eliminate 
leucorrhoeal and urethral discharges by instructing the patient to jjass 
a part of the urine before collecting the sample, so as to flush the 
passage and wash out the mucus and pus. 

Serum-globulin frequently occurs together with albumin, in cases 
where the latter appears, although in smaller quantities. In amyloid 
degeneration, according to Senator, the proportion of globulin to 
albumin is much greater than in any other disease. In this disease, 
he says, the two forms occur in nearly equal quantities, and he thinks 
such a ratio is fairly constant and of diagnostic importance. 

Albumosuria (Peptonuria) (seep. 78). — The occurrence, in 
urine, of a proteid which is not precipitated by heat and acids has long 
been known. This substance was formerly known as peptone, or the 
substance produced by the action of the digestion upon albumin. The 
reactions by which peptone was shown to be present in urine were, 
the absence of coagulation with acids and heat, by salt solutions, 
and by acetic acid and K^FeCy^. With our increased, knowledge of 
the peptones and albumoses we have discovered a method of sepa- 
rating these two classes of bodies by means of ammonium sulphate. 
When this test is applied to urines formerly supposed to contain pep- 
tone, we find that, after removing the proteids precipitated by complete 
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saturation with ammonium sulphate, we can rarely find peptone in 
the solution. What was formerly described, then, as peptonuria is 
now known as albumosuria, and it is doubtful whether peptonuria 
really exists. All discussions of peptonuria to be found in the older 
writings must be regarded as applying to albumosuria. It is probable 
that albumose occurs more frequently than is sup[)osed, owing to the 
fact that we do not find it unless we search for it by a special method. 
It is, therefore, usually overlooked. It has been found to occur in a 
variety of diseases, as dermatitis, intestinal ulceration, hepatic abscess, 
croupous pneumonia, septicemia, peritonitis, apoplexy, acute pleurisy, 
puerperal parametritis, endocarditis, caries, typhoid fever, nephritis, 
phthisis, measles, scarlatina, leucocythemia, urticaria, acute yellow 
atrophy of the liver, suppurative meningitis, and in various psychoses. 
From this array of diseases in which it has been found, it would seem that 
it can not be highly diagnostic of any. It was formerly stated that the 
presence of peptone in the urine was associated with suppurations, 
where there was absorption of the pus or the products of its decompo- 
sition. This form was called pyogenic peptonuria. A hepatogenic, 
an enterogenic, a hematogenic, and, finally, a renal and a vesical form 
were recognized. The presence of albumose, according to Senator, 
may be useful in making a differential diagnosis between suppurative 
meningitis and the simple variety. 

Hematuria and Hemoglobinuria (seep. 80). — In this condi- 
tion the urine usually has a red or brown color, and deposits a red sedi- 
ment. Hematuria can not be regarded, usually, as a disease, but as a 
symptom of some other disease. Nevertheless, it is very important that 
we should be able to determine the source of the blood — whether it 
comes from the kidneys, tubules, the ureters, pelvis of the kidney, 
bladder, urethra, or possibly from the rectum or vagina. 

We may divide the hematurias, for convenience, into the following 
classes: (i) Ordinary hemorrhage from rupture of blood- 
vessels; (2) parenchymatous hemorrhage, or slow escape of 
blood through the epithelium of the tubules of the kidney ; (3) hemo- 
globinuria, or hematinuria. 

1. In this variety the urine is dark-red in color, similar to venous 
blood. Reaction neutral or alkaline ; rapidly deposits a sediment, 
leaving the clear urine above ; we often find clots or fibrinous masses ; 
specific gravity variable, but usually high ; albumin always present. 

2. Reddish-brown, often coffee-colored ; retains its uniform color 
for a long time, but finally deposits a red sediment ; generally acid ; 
specific gravity variable. It contains altered hemoglobin or methemo- 
globin. The sediment is characteristic, when examined microscopi- 
cally. The blood-corpuscles are not distributed in rouleaux, or rolls. 
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Some of them are changed in size ; some spherical and colored brown, 
or sometimes quite colorless. We often observe corpuscles only one- 
half or one-quarter of the usual size, and from that down to mere 
granules, called microcytes. They are considered characteristic of 
parenchymatous hemorrhage from the urinary passages. 

3. Hemoglobinuria (Vogel's hematinuria) is also called dissolved 
blood. The urine is usually quite dark in color, smoky, or even 
black. The coloring matter is in solution, the urine retains its color, 
and does not deposit a sediment of corpuscles. Reaction acid ; spe- 
cific gravity lowered. Usually met with in typhoid or typhus fever, 
malarial infection, and in smelters suffering from inhalation of arsen- 
uretted hydrogen. 

Pus. — Significance. — Pus in the urine always indicates a suppura- 
tive process somewhere along the urinary tract, except in women, 
when it ma,y get into the urine from the uterus or vagina. The pus 
may be derived from any part of the urinary passage. 

It is sometimes difficult to determine its source, but the following 
points will aid in making the diagnosis : In blennorrhea of the urethra, 
a purulent fluid may be pressed out of the urethra between the mic- 
turations, or the first few drops of urine passed will be nearly all pus. 
In this disease, too, the pus is found in shreds or clots in the urine. 
In purulent cystitis the other symptoms of the disease will usu- 
ally be present, as frequent ttiicturition, strangury, etc., and per- 
haps the last few drops of urine will contain a larger quantity of pus 
than the rest. The urine is apt to be alkaline, and contains a sedi- 
ment when passed. There is usually pain in the hypogastric region 
and scalding pain in passing urine. There is not so much pain, how- 
ever, as in acute cystitis. In suppuration along the course of the 
ureter there are usually attacks of slight colicky pains in this region. 
Suppuration in the kidney may be catarrhal or deep-seated (in- 
terstitial). In the first, it is accompanied by less disturbance, and 
is less jjrotracted. It is also accompanied by a considerable loss 
of epithelial cells from the tubules. In abscess, the flow of pus is 
generally intermittent, and there is generally a tumor to be felt over 
the region of one or both kidneys, usually but one. Suppuration 
confined to the parenchyma of the kidney, is often accompanied by 
very slight local symptoms. If the pus comes from the pelvis of the 
kidney, there are lumbar pains and absence of bladder symptoms. 
The urine is acid. The presence or absence of renal casts will assist 
in making a diagnosis. There are seen transitional epithelial cells 
under the microscope. If from the vagina, there will be leucorrhoeal 
symptoms, abundant ])avement epithelial cells, with excess of mucus, 
and acid urine. Absence of bladder symptoms. 
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Fibrin occasionally occurs in urine. It is met with in cases of hem- 
aturia and in chyluria. It has no pathological significance other 
than this. 

Nucleo-albumin has lately been found in the urine of a number of 
diseased conditions, and, according to some authors, in most normal 
urines. This latter statement has been disputed by others. 

It is claimed that it is always found in icterus, and it is now ad- 
mitted that it is a normal constituent of bile. It is precipitated by 
acetic acid and by trichloracetic acid, and is dissolved by nitric acid. 
Simon denies that a purely renal nucleo-albuminuria exists. The 
significance of nucleo-albumin does not seem to have been deter- 
mined. 

Another proteid body, known as histon, has been found in urine by 
Kolis and Burion, Lilienfeld and Kossel. It is precipitated by alco- 
hol and by ammonia, and it gives the biuret reaction. It is supposed 
to be derived from the leucocytes of the blood, and has been found in 
leucocythemia. Its pathological significance, other than this, has not 
been settled. 

RENAL DISEASES ACCOMPANIED BY ALBUMINURIA. 

Our knowledge of diseases of the kidney dates back to 1827, when 
Richard Bright, of Guy's Hospital, London, described the disease. 
These diseases are usually classed under the indefinite title of 
" Bright's disease." This title is not sufficient. There are at least 
five varieties, and some say twelve. I shall classify them as follows: 
Acute and chronic congestion, acute and chronic parenchymatous 
nephritis, acute and chronic diffuse nephritis, and amyloid kidney. 

Acute Congestion, or Hyperemia. — Definition. — An abnormal 
influx of arterial blood, temporary in character. 

Causes.-. — Irritation or paralysis of vasomotor nerves, first stage of 
acute nephritis ; the poisons of various infectious diseases, as scarlatina, 
small-pox, measles, etc. ; exposure to cold and malarial attacks (least 
common) ; irritating diuretics, as potassium salts, cantharides, digi- 
talis, etc. 

Anatomy. — Kidney normal in size ; capsule not adherent nor thick- 
ened ; kidney darker than normal and filled with bloody serum. 

Microscopical Appearances. — Blood-vessels engorged ; epithelial 
cells swollen and a little cloudy; sometimes extravasations of blood- 
discs into the tubules, and ecchymotic spots in pelvis of kidney. 

Symptoms. — Those of the exciting disease. When due to cold or 
irritating diuretics, there may be a chill or strangury, great pain in 
loins or hypogastric region, followed by almost total suppression. 
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Urine has a high specific gravity and high color, and may or may not 
contain albumin and blood. As recovery begins, the first urine 
passed is loaded with urates. The symptoms may last a few hours or 
several days. The urine may contain blood or hyaline and blood- 
casts, also urates. Prognosis generally favorable. Occasionally 
fatal, from continued suppression. 

Passive or Chronic Congestion (^Cyanotic Induration). 

Causes. — Any mechanical cause which prevents escape of blood 
from the kidneys by renal veins, as emphysema, pericarditis, hydro- 
pneumothorax, mitral insufficiency. The most common causes are 
organic heart disease, aneurysm of the arch of the aorta, and dilata- 
tion of the right heart. 

Appearances. — Kidney large and heavy. If recent, capsule not 
adherent; if chronic, adherent. Color red in both. If chronic, the 
kidney is hard and nodular, and may be smaller than normal. 

Symptoms. — It is difficult to say how many of the symptoms of per- 
sons suffering from this disease are due to it, because it is so often 
associated with other diseases. A congestion of only a few days' dura- 
tion does not seem to give rise to any marked symptoms. The symp- 
toms are not very constant. Dropsy, when present, is more apt to appear 
first in the lower extremities, in congestion, while in chronic Bright's 
disease it appears first under the eyelids. Cough, with mucous or 
mucopurulent sputum, sometimes with hemoptysis, is met with in some 
cases. Headache, dyspnoea, delirium, or vomiting may be looked for. 
The diagnosis will rest upon the evidences of obstructed venous circu- 
lation, and upon the urinary changes. In chronic congestion the urine 
is much decreased in quantity, with a high specific gravity (1025 to 
1030), a dark color, and often loaded with urates. Albumin and 
blood-corpuscles are quite common. Casts are infrequent, but occa- 
sionally a few hyaline, finely granular, or blood-casts may be present. 
Albumin usually present in small amount. If the obstruction increases, 
the urine becomes less and less, until it amounts almost to suppression. 
Uremic symptoms will then appear, with headache, convulsions, or 
coma. 

If congestion continues, it ultimately leads to organic changes and 
permanent nephritis. 

Acute Parenchymatous Nephritis. 

Definition. — A disease affecting the epithelium of the tubules, by 
which the cells become swollen and granular, or detached. Kidney 
enlarged and light-colored. In mild cases the convoluted, in severe 
cases the convoluted, the straight tubes, and glomeruli are affected. 
Albumin is present in the urine in all cases. 

Etiology. — Exposure to cold is the most important cause. The 
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specific fevers are the next most frequent cause. Pneumonia, typhus, 
typhoid, yellow fever ; acute yellow atrophy of the liver, scarlatina, 
diphtheria, pyemia, peritonitis, and poisoning by phosphorus and 
arsenic are common causes. This is essentially the nephritis of acute 
fevers. 

Urinary Symptoms. — Idiopathic Cases, or those due to Exposure. 
Urine diminished or suppressed. Specific gravity nearly normal. 
Albumin usually large, often blood. Casts sometimes few, sometimes 
abundant. Hyaline, blood-, granular, and epithelial casts. In some 
cases dropsy, anemia, and loss of appetite are the most prominent 
symptoms ; in others, cerebral symptoms, such as delirium, convul- 
sions, stupor, coma, or persisting vomiting, dyspnoea, and great pro- 
stration are the most prominent. Little or no dropsy in some cases. 

Secondary Cases. — Urine usually diminished in quantity, albumin 
abundant; sometimes contains blood. Hyaline and granular casts. 
Dropsy in post-scarlatinal variety, usually not in others. Cerebral 
symptoms occur in the severe cases. Duration in idiopathic cases is 
short, where dropsies occur. Secondary cases apt to last for some 
weeks after primar)' disease disappears. 

Chronic Parenchymatous Nephritis. 

Definition. — A disease of the tubules, running a chronic course of 
months or years. The kidney is large, smooth, white, and often 
weighs sixteen to twenty ounces. Not a very common disease. May 
follow the acute form, or may be idiopathic or complicate phthisis. 
The urine is less than normal in amount. Specific gravity variable — 
loio to 1030. Albumin present in considerable amount. Hyaline, 
granular, or fatty casts. No blood. Generally marked dropsy, 
dyspnoea at night, dyspeptic symptoms, anorexia, and frequently vomit- 
ing. Ursemia, stupor, convulsions, coma, etc., only in severe cases. 

Prognosis. — Not good, but better than in chronic diffuse nephritis. 
Many cases completely recover. 

Acute Diffuse Nephritis. 

Synonyms. — Acute desquamative, acute tubal, croupous, glomerulo- 
nephritis, acute interstitial nephritis, or acute Bright' s disease. 

Anatomy. — Kidney large ; capsule not adherent; surface smooth. 
Color may be deep-red and congested, or white, mottled with red 
spots. Epithelium in tubules and glomeruli are swollen and cloudy. 
Stroma is infiltrated with serum, leucocytes, and blood. 

Etiology. — Most cases are the result of exposure to cold or compli- 
cate scarlatina. 

Symptoms. — After exposure, a person, previously healthy, is attacked 
with a chill, fever, pain in back, frequent and painful micturition or 
suppression. Urine bloody or smoky brown. Albumin abundant. 
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The urinary examination alone will not, as a rule, distinguish between 
this and the purely parenchymatous variety of the disease. Indeed., 
the differential diagnosis is seldom possible. 

There may be edema of the lungs or of the glottis, or the serous 
cavities may fill. Appetite nil; nausea, vomiting, and often cerebral 
symptoms supervene. In the worst cases cerebral symptoms develop 
early, in which case the patient is apt to die in a few days. Where 
cerebral symptoms do not develop, the disease may continue for weeks 
or months, or the patient may recover. Skin pale. Albumin and casts 
persist for a long time, and after all other symptoms are gone. In 
a few cases the disease becomes chronic. 

Chronic Diffuse Nephritis. — Chronic Brighf s. Croupous, Ca- 
tarrhal, Atrophied, or Cirrhotic Kidney. 

Etiology. — The disease prevails in temperate climates, and is more 
common in middle-aged men than in women, but is seen at all ages. 
Persons habitually intemperate, or those having constitutional syphilis, 
or those suffering privation, are most liable to it. 

Symptoms dxt. very different in different cases, (i) Persons may 
have the disease for a long time without knowing it, the symp- 
toms never appearing until some other sickness attacks them, as a 
heavy cold or some accident. Some are only diagnosed at autopsy. 
Or (2), the patient may begin to lose flesh and appetite, or suffer 
with indigestion. Mental or bodily exertion is an effort. He may be- 
come pale and anemic, the skin having a peculiar waxy, white appear- 
ance. His urine is of low specific gravity and contains a little albu- 
min at night. This may continue for a long time. Or, he may have 
sleepless nights, headache, irritable temper, drowsiness, neuralgic 
pains, or cramps in the muscles of the legs. Retinal hemorrhages 
or retinitis is common, with permanent impairment of vision. He 
may suddenly become worse. Headache becomes severe ; there may 
be dyspnea at night, or he may suffer with nausea, vomiting, or diar- 
rhea. He may apparently recover under treatment, and get back to 
his work for a time. Sometimes convulsions suddenly supervene, the 
patient becomes unconscious between attacks, and dies comatose. 
Dropsy may or may not appear. The urine. — The quantity of urine 
in the less severe cases is frequently above normal and contains a little 
albumin and a few casts. In the atrophic variety we are to expect an 
increase of urine of low specific gravity, with sooner or later uremic 
symptoms, often early in the disease. 

Albumin occurs regularly and in larger quantity than in chronic 
interstitial nephritis. The specific gravity is usually low, and the 
total solids and urea are less than normal. The indoxyl reaction is 
usually very strong. 
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The casts are both small and large, hyaline, finely granular, and 
coarsely granular. There are more or less disintegrated epithelial cells. 
A careful examination of these fragments of cells, and an estimate 
of their number, will give valuable information as to the amount of 
organic destruction going on in the kidney, and is a valuable indica- 
tion in prognosis (see p. 104). 

Chronic Interstitial Nephritis {^Sclerosis, ox Cirrhotic Kidney^. 
— This disease is a chronic inflammation of the kidneys, with hyper- 
plasia of its connective tissue, with subsequent contraction. 

Etiology not clearly known. Syphilis, alcohol, and lead-poisoning 
have been mentioned. Gout is one certain cause, and in such cases 
it is probably due to local irritation of uric acid. The kidneys are 
small, capsules thickened and adherent, and the color red. There is 
a general arteriosclerosis and hypertrophy of left ventricle of the 
heart. 

The symptoms are very vague. In some cases the patient comes into 
view as a dyspeptic, or as a sufferer from intractable neuralgia, or 
occipitofrontal headache, or persistent dyspnea with no lung dis- 
ease, or dimness of vision, or in uremic coma or convulsions. 

The urine is increased in quantity, and the specific gravity is usually 
low — 1005 to loio. There is usually but a trace of albumin, and 
occasionally it is absent. A few hyaline casts will usually be found, 
but they often require careful search. 

Diagnosis. — Large quantity of urine of persistent low specific grav- 
ity, with diminished urea, chlorides, and solids, with a small quantity 
of albumin and a few hyaline casts, persisting for months or years, 
and accompanied by increased arterial tension and hypertrophy of the 
left ventricle — these are the symptoms upon which a positive diag- 
nosis may be made. 

The urine is usually clear and transparent, and seldom deposits a 
visible sediment. 

Amyloid Kidney ( Waxy Kidney, or Lardaceous Kidney'). 

Etiology. — Follows prolonged suppuration, especially of the bones 
or joints. Syphilis, cancer, or ulceration of the intestines are men- 
tioned as causes. 

Symptoms. — It is connected with chronic suppurations. Anemia, 
dropsy of lower extremities, and ascites are usually present, but ure- 
mia is seldom present. As the disease progresses there is great weak- 
ness, and profuse, uncontrollable diarrhea and vomiting are frequent. 

It is differentiated from chronic parenchymatous and chronic inter- 
stitial nephritis by its association with chronic suppurative processes, 
and from the character of the casts. 

The Urine. — This is usually increased in quantity, light in color, 
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contains a considerable quantity of albumin, and a few hyaline casts. 
These casts are usually notched at the edges, are yellowish -gray in 
color, and sometimes, though not always, assume a mahogany color 
when treated with a solution of iodine in potassium iodide. 

Pyelitis. — This is a disease characterized by suppuration in the 
pelvis or tubules of the kidney. 

Etiology. — The most common cause is a calculus. Exposure to cold, 
mechanical injury, tuberculosis, infection from the bladder, or rheu- 
matism may be mentioned as causes. One or both kidneys may be 
involved. The mucous membrane of the pelvis alone may be affected, 
or it may involve other structures, giving rise X.0 pyelonephritis. When 
cystitis is also present, it is caiW&A pyelocystitis. When the ureter be- 
comes obstructed so that the pus can not escape, the kidney becomes 
distended, and it is c&WeA pyonephrosis. 

Symptoms. — The symptoms of pyelitis are not constant, and some- 
times there are no distinct symptoms except urinary findings. If 
caused by a calculus or cystitis, the symptoms are more marked. 
When the disease becomes well developed, there is a constant, dull, 
aching pain in the lumbar region, radiating forward into the groin, 
thigh, testicles, or penis. There is usually frequent desire to urinate. 
In pyelonephritis there is apt to be emaciation, typhoid-like fever, 
and symptoms of uremia or pyemia. In pyonephrosis the dull pain, 
and the tumor to be felt in the region of the kidney affected, will indi- 
cate the diagnosis. 

The Urine (see p. 8i). — The urine is cloudy in the first three of 
these affections, and rapidly forms a white sediment of pus-cells. The 
reaction in pyelitis and pyelonephritis is acid; the specific gravity is 
normal in the first, and normal or less than normal in the second. In 
pyelocystitis the reaction is alkaline in most cases, and the specific 
gravity is normal or lower. Albumin and pus are present in all three 
affections, as is also globulin. In pyonephrosis the pus and albumin 
may occur in the urine at times, but may at other times be absent. If a 
calculus be the cause of the pyelitis, more or less blood may be found 
in the urine. In the earlier stages the peculiar caudate or spindle- 
shaped epithelial cells from the pelvis will be found, but later in the 
disease these may be absent. 

Acute Cystitis. 

Causes. — Traumatism, gonorrhea, infection from a catheter, calculi, 
retention of urine, pyelitis, very acid urine. 

Symptoms. — Usually begins with a chill, fever, loss of appetite, 
malaise, jiain over the pubes, perineum, groin, and thighs ; tender- 
ness in the region of the bladder, strangury, and frequently hema- 
turia. 
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The urine is lessened in quantity, cloudy, neutral or alkaline in 
reaction, and sometimes becomes putrid in the bladder. It contains 
numerous epithelial cells from the bladder, and in very acute cases 
more or less blood and pus. 

Chronic Cystitis. — This may follow the acute form, or it may 
come on gradually. It is usually due to some obstacle to free void- 
ing of the urine, as stricture of the urethra, or prostatic enlargement, 
vesical calculus, etc. It may result from a prolapsed or anteverted 
uterus in females, and tumors, either benign or malignant. 

Symptoms. — These are similar to those of the acute variety, though 
milder. 

The urine is usually alkaline, viscid, turbid, and ammoniacal or 
putrid ; the quantity is usually normal and the specific gravity is 
usually below normal. The urine contains an excess of mucus, pus- 
corpuscles, an abundance of epithelial cells from the bladder, and 
crystals of ammonium magnesium phosphate. When the cystitis is 
due to a calculus, blood corpuscles will at times be found, or there may 
be marked hematuria. When due to enlarged prostate, there will 
always be a considerable residual urine in the bladder, even after the 
patient urinates. 

Chronic cystitis is apt, sooner or later, to extend upward through 
the ureters, and produce catarrhal nephritis or pyelonephritis, described 
above. 

Diagnosis. — Cystitis is likely to require differentiation from prosta- 
titis. This affection may be either acute or chronic, and the symp- 
toms resemble those of cystitis. There is frequent and painful mictu- 
rition, the pain being in the perineum and of a throbbing character. 
There is less control of the desire to urinate than in cystitis. The 
pain is worse at the close of urination. The urine in prostatitis con- 
tains excess of mucus, with mucous casts of the follicles of the prostate. 
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TABLE OF WEIGHTS AND MEASURES. 

ENGLISH WEIGHTS. 



ft 
Pound. 



TROY WEIGHT OR APOTHECARIES' WEIGHT (U. S. P.). 

S S 9 gr. 

Ounces. Drachms. Scruples. Grains. 

. . . 12 . . . . . 96 . . . 2S8 . . . . . 5760 = 

I 8 . 24 480 = 

I . . . . 3 . . . . 60 = 



gm. 
Grams. 

373-2419 

31-1035 

3-8879 

1-2959 

0.0648 



Pound. 



AVOIRDUPOIS WEIGHT 
Ounces. Drachms. 

. - 16 256 

I 16 . . ... 



Grains. 
7000. 
437-5 
27-343 



Grams. 

453-5926 

28.3495 

1.7718 



C. 

Gallon. 



APOTHECARIES' OR WINE MEASURE (U. S. P.J 



O. 
Pints. 
. .8 . . 

0.1 . 



ft 

Fl. Ozs. 
. 128 . . 
. 16. . 



Fl. Drachms. 
. 1024 . 
128 .. . 
. . . 8. . 



Minims. 

. 61440 

7680 

480 

60 



c.c. 
3785- 
473- 
29-57 
3-70 
0.06 



Gallon. 



Pints. 
. .8 . 



IMPERIAL MEASURE, 

Adopted by the British Pharmacopoeia. 

PI. Ozs. PI. Drachms. Minims. 

. 160 1280 ... 



160 . 
8. 



. 768o( 
9600 



c.c. 
4543.5 
567-9 
28.4 
3-55 
0.06 



METRIC MEASURES. 
MEASURES OF LENGTH. 



Millimeter = 

Centimeter = 

Decimeter = 

Meter = 

Decameter = 

Hectometer = 
Kilometer 



o.oot of a meter, 
o.oio of a meter, 
o.ioo of a meter = 
i.ooo Meter = 

10.000 meters. 
100.000 meters. 
1000.000 meters 



1 Myriameter = 10,000.000 meters = 



about 4 inches. 
39.37 inches. 



about ^ of a mile, 
about 6y^ miles. 



MEASURES OF SURFACE. 
I Centaire == i square meter 

X Are =: 100 square meters. 

I Hectare = 10,000 square meters 



about i^ square yards, 
about 2% acres. 



MEASURES 
Cubic centimeter 
Liter (cubic decimeter) 
Cubic meter 
Cubic meter 
Cubic meter 



OF VOLUME. 

= o.ooi of a liter. 

= 1000 cubic centimeters. 

=: 1000 cubic decimeters. 

= 1000 liters, or i kiloliter. 
= I stere. 



MEASURES OF WEIGHT. 



I Milligram = 

I Centigram = 

I Decigram = 

I Gram = 

I Decagram = 

I Hectogram = 

I Kilo(gram) = 

I Tonneau = 



13 



O.OOI of a gram 
O.OIO of a gram. 
O.IOO of a gram. 
1.000 Gram 
10.000 grams. 
100.000 grams. 
1000.000 grams 

icoo.ooo kilos 

us 



about A of a grain. 

about 1$% grains. 

about 2\ pounds, 
about I ton. 
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ALPHABETICAL TABLE OF EQUIVALENT 
MEASURES. 

I Are =: 100 sq. meters = 1 19.6 sq. yards. 

I Barrel (wine) ^ 1. 192 hectoliters. 

I Barrel (imperial) .= 1.635 hectoliters. 

I Bushel (dry) = 35.243 liters. 

I Centimeter ^ yj^ meter ^0.3937 in. 

I Cubic centimeter = 16.2 minims ^0.06102 cu. in. 

I Cubic centimeter of dist. water at 4° C . . weighs I gram. 

I Cubic decimeter (i liter) (looo c.c.) of dist. water weighs I kilc^am. 

I Cubic decimeter (imperial measure) ^ 61.03 cu. in. ^0.8804 qt. 

I Cubic decimeter (American wine measure) . . =33.8 fluidounces, or 1.056 qts. 

I Cubic foot = 1628 cu. in. ^28,315.31 c.c. 

I Cubic foot of water at 62° F. (16.6° C.) weighs 62.32 lbs. av. 

I Cubic inch = 266 minims^ 16.386 c.c. 

I Cubic inch of water at 62° F. (16.6° C.) . . weighs 252.46 grs. ^ 16.372 grams. 

I Cubic meter ( I stere) = 1000 liters = 35.30 cu. ft. 

I Drachm (troy) 1=3.888 grams ^60 grains. 

I Fluidrachm =60 minims:^ 3.697 c.c. 

I Fluidounce (imperial) = 28 4 c.c. = 1.7329 cu. in. 

I Fluidounce (wine measure) =29.57 c.c. = 1.8047 cu. in. 

I Fluidounce of water (wine measure) at 62° F weighs 456 grains. 

I Fluidounce of water (wine measure) at 60° F weighs 29.57 grams. 

I Fluidounce of water (imperial) at 62° F weighs 437.5 grains. 

I Foot (12 inches) = 34. 48 centimeters. 

I Gallon (imperial) =1277.27 cu. in. ^4.543 liters. 

I Gallon (wine) = 231 cu. in. =3.785 liters. 

I Gallon of water (imperial) weighs lo lbs.; wine, gallon, 8.34 lbs. 

I Grain (troy) ... ^0.0648 gram. 

I Gram (weight of I c.c. of water at 4° C, 39.2° F.) . . . . ^ 15.4323 grains. 

I Inch .... = 2. 54 centimeters. 

I Kilogram = 1000 grams = 2. 7 lbs. troy ^2.2046 lbs. av. 

I Liter (see cubic decimeter) . . ^ 61.027 •^u- >°- 

I Meter (one forty-millionth of earth's meridian) = 39.3708 in. 

I Minim =0.0616 c.c. I minim of water weighs 0.95 grain. 

I Ounce (troy) ... =480 gTains= 31.1 gramis. 

I Ounce (avoirdupois) =437.5 grains = 28. 35 grams 

I Pint rimperial) = 20 fluidounces = 567.93 c.c 

I Pint (wine measure) = 16 fluidounces ^ 473.15 c.c 

1 Pound (troy) = 5760 grains = 373.24 grams. 

I Pound (avoirdupois) = 7000 grains ^ 453.59 grams. 

I Quart (imperial), 40 fluidounces .... . := 69.97 cu. in. = 1. 1358 liters. 

I Quart (wine measure), 32 fluidounces := 58.30 cu. in. =0.9463 liter. 

I Ton (avoirdupois) . . . = 2000 lbs. = 29,167 ounces troy = 907.20 kilograms. 
I Tonneau ^ 1,000,000 grams := looo kilos = 2204.6 lbs. av. 
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A. 

Acetone, 86, 130 
Acetonuria, 86, 130 
Acid, diacetic, 87, 130 

hippuric, 96 

hydrochloric, estimation, 28 

hydroxybutyric, 87, 130 

indoxyl-sulphuric, 124 

lactic, tests for, 31 

metaphosphoric, 77 

phosphotungstic, 20 

picric, 76 

salicylsulphonic, 76 

skatoxyl-sulphuric, 124 

tannic, 20 

trichloracetic, 76 

uric, 72, 106, 120, 123 
detection, 73 
estimation, 73 
ratio to urea, 121 
Acidity of gastric contents, 28 

of urine, 65, 115 
Acids, amido, 20 

biliary, 88 

fatty, 32 

organic, 27, 31 
Adams' process, 56 
Albumin, 74 

in milk, 58 

in urine, 74, 130 

tests for, II, 74 
Albuminates, 12 
Albuminometer, 77 
Albuminuria, 74, 130 

accidental, 80, 134 

cyclic, 131 

digestive, 133 

febrile, 132 

functional, 132 

intermittent, 133 

neurotic, 133 



Albuminuria, toxic, 133 
Albumoses, 19, 33, 78 
Albumosuria, 134 
Alizarin-sulphonate of sodium, 26 
Alkaline phosphates, 68 
Alpha-naphthol test, 84 
Ammonium carbonate, 65 

magnesium phosphate, 69, 94 

sulphate, 12, 20 

urate, 72, 104, 105 
Analysis, volumetric, 21 
Aromatic substances in urine, 133 
Artificial foods, analysis of, 18 



Bases, meat, 20 
Bile, 37, 88 

composition, 37, 88 

in urine, 88 

toxic effects of, 38 
Biliary acids, 88 

pigments, 88 
Bismuth test, 83 
Biuret reaction, II, 79 
Blood in urine, 80, loi, 135 
Burette, 21 
Butyric acid, 31 

C. 

Calcium carbonate, 96 

phosphate, 95 

sulphate, 95 
Calculi, analysis of, 105 

varieties of, 105 
Cane-sugar, 19 
Carbohydrates, 9 
Casein, 43,45, 57 
Caseinogen, 14 

estimation, 58 
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Casts, urinary, loi, 138-141 

varieties of, loi 
Centrifugal analysis, 53 

machine, 90 
Chlorides, estimation of, in urine, 67 

in urine, 67, 1 16 
Chlorococcus, 39 
Cholesterin, 39 
Coagulation of milk, 15, 44 
Colors, indicator, 26 
Colostrum, 42, 43 
Concretions, urinary, 87 
Congo red, 26 
Copper test, 83 
Cream, 46 

Crystalline deposits, 91 
Cystin, 96 



Deposits, analysis of, 104 

crystalline, 91 

organized, 91 
Detritus, 104 
Dextrin, 9 

in urine, 86 
Dextrose, 9, 81 
Diabetes insipidus, 115, 1 16 

mellitus, 82, 1 1 5, 1 16 
Diamins, 89 
Diastase, 89 
Diazo-reaction, 89 
Dimetliyl-amido-azobenzol, 26 
Donne's test, 81 



E. 

Epithelial cells, loi, 141 
Esbach'S albuminometer, 77 
Ethereal sulphates, 69, 126 
Ewald's test, 34 
Excretin, 40 



Fat, II 

estimation of, 51 
in niill<, 44 
in urine, 87 

Feces, 38 

composition, 39 
in disease, 40 



Fehling's solution, 85 
Ferments in stomach, 32 

in urine, 89 
Fibrin, 80, 137 

G. 

Gases, intestinal, 41 

Gastric contents, examination of, 21 

Globulin, 12, 33 

in urine, 78 
Gluco-proteids, 79 
Glucose estimation, 84 

in urine, 82, 128 
Glycosuria, 82, 129 
Gmelin's test for bile, 88 
Gunzburg's solution, 26 



H. 

Haines' solution, 83 
Hematuria, 80, 135 

varieties, 135 
Hemin crystals, 81 
Hemoglobinuria, 80, 135 



I. 

INDICAN, 70, 123 
Indicators, 26 
Indigo, 70, 97, 124 
Indigo-carmine test, 84 
Indirubin, 124 
Indoxyl, 70, 124 



Lactalbumin, 14, 15, 45 
Lactation, duration of, 60 
Lactoglobulin, 15, 45 
Lactometer, 50 
Lactoscope, 51 
Lactose, 14, 46 
in urine, 86 
Lecithin in milk, 44 
Legal' s test, 86 
Leucin, 96 
1 .oviiloso, 86 
Lieben's te^t, 87 
Lipaciduria, S7 
Litmus, 26 
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M. 

Magnesium phosphate, 68, 94 
Malt, 10 
Maltose, 10 

Measures, table of, 145, 146 
Meconium, 40 
Melanin, 63 

Mercuric-potassium iodide, 76 
Methylene blue, 84 
Micrococcus urese, 65 
Milk, 14, 42 

adulteration, 50 

analysis, 52 

composition, 43 

condensed, 60 

in disease, 49 

laboratories, 47 

modified, 47 

preserved, 60 

standards, 56 

sterilized, 46 

sugar, 9, 46, 57, 86 
Millon's test, II 
Motility of stomach, 34 
Mucin, 79 

Mucous corpuscles, 98 
Murexid, 73 



N. 

NUCLEIN, 43, 44 
Nucleo-albumin, 137 



Oliver's peptone test, 88 
Oxaluria, 93 

P. 

Pancreatic digestion, 17 

extract, 17 

ferments, 36 

fluid, 35 
Paraglobulin, 78 
Pepsin, 32 

Peptic digestion, 17, 32 
Peptone in urine, 78 

reactions of, 13, 33, 79 
Phenolphthalein, 26 
Phloroglucin, 26 
Phosphates, 68, 116 



Phosphotungstic acid, 20, 78 

Pialin, 36 

Pigments, urinary, 62, 123 

Pipette, 21 

Polariscopic estimation of sugar, 85 

Potassium mercuric iodide, 76 

Propeptones, 13, 19, 78 

Proteids, li 

digestoin of, 33 
Proteoses, 13, 19, 78, 134 



R. 

Rennet, 14 
Rennin, 32 
Resorcin, 26 
Resorcinol test, 77 
Roberts' test, 75 
Rosenbach's reaction, 126 



Salol test, 34 
Saponification of fats, 1 1 
Sediment, stomach, 34 

urinary, 90 
Serolin, 40 

Silver nitrate solution, 67 
Skatol, 69, 124 
Sodium urate, 72, 91, 105 
Specific gravity of milk, 43, 50 

of urine, 64, 113 
Starch, 9 

digestion of, 32 
Stercobilin, 40 
Stercorin, 40 
Stomach absorption, 33 

acidity, 28 

motility of, 34 

tube, 25 
Succus entericus, 37 
Sugar, cane, 19 

in urine, 81, 1 28 

malt, 10 

milk, 14, 46, 86 
Sugars, table of, 10 
Sulphates, conjugate, 69 

ethereal, 69, 126 

in urine, 69, 116 

normal ratio, 126 

preformed, 69, 126 

tests for, 69 
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T. 

Test, Boaz, 26, 27 
-breakfast, 24 
Ewald's, 34 
Fehling's, 83 
Gmelin's, 88 
Giinzburg's, 26, 27 
Haines', 83 
Molisch's, 84 
Moore's, 83 
Oliver's, 88 
Roberts', 75 
Tanret's, 76 
Trommer's, 9, 82 
Uffelmann's, 31 

Titration, 21 

Trommer's test, 9 

Trypsin, 36 

Tyrosin, 97, 105 



U. 

Urates, 72, 92, 104 
Urea, 70, 118 

detection, 70 

estimation, 70 

origin, n8 

relation to chlorides, 1 1 
uric acid, 121 

variations in, 118 
Urinary diagnosis, no 
Urine, 61 

acidity, 115 



Urine, chlorides in, 67, 116 

color, 62, 115 

composition, table of, 107 

inorganic constituents, 67, 116 

odor, 67 

organic constituents of, 70, 117 

phosphates in, 68, 116 

pigments of, 123 

quantity of, 62, III 

reaction of, 64, 115 

specific gravity, 64, 113 

sulphates in, 69, 126 

total solids of, 66, 114 

toxicity of, 127 

transparency, 63 
Urinometer, 64 
Urobilin, 62, 123 
Urochrome, 63 
Uroerythrin, 63 
Urohematin, 127 
Urohematoporphyrin, 127 
Uroroseinogen, 127 
Urostealith, 106 
Urotoxic coeSBcient, 127 



"W. 

Water, impure, in milk, 59 
Werner- Schmid process, 52 



X. 

Xanthin, estimation, 74 
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ANATOMY. 

MORRIS. Text-Book of Anatomy. 2d Edition. Revised and 
Enlarged. 790 lUtistrations, 214 of which are printed in colors. 
Just Ready. Cloth, $6.00; Leather, J7.00 ; Half Russia, $8.00 

"Taken as a whole, we have no hesitation in according very high 
praise to this work. It will rank, we believej with the leading Anato- 
mies. The illustrations are handsome and the printing is good." — 
Boston Medical and Surgical Journal. 

Handsome Circular of Morris, with sample pages and colored illus- 
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BROOMELL. Anatomy and Histology of the Human Mouth 
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MATERIA MEDICA AND THERA- 
PEUTICS. 

ALLEN, HARLAN, HARTE, VAN HARLXNOEN. A 
Hand-Book of Local Therapeutics, Beinga Practical Description 
of all those Agents Used in the Local Treatment of Diseases of the 
Eye, Elar, Nose and Throat, Mouth, Skin, Vagina, Rectum, etc., 
such as Ointments, Plasters, Powders, Lotions, Inhalations, Supposi- 
tories, Bougies, Tampons, and the Proper Methods of Preparing and 
Applying Them. Cloth, $3.00; Sh^^, $4.00 

BIDDLE, Materia Medica and Therapeutics. Including Dose 

List, Dietary for the Sick, Table of Parasites, and Memoranda ot 
New Remedies. 13th Edition, Thoroughly Revised in accord- 
ance with the new U. S. P. 64 Illustrations and a Clinical Index. 

Cloth, ^00; Sheep, $5.00 
BRACKEN. Outlines of Materia Medica and Pharmacology. {2.75 
DAVIS. Materia Medica and Prescription Writing. $i-5o 
FIELD. Evacuant Medication. Cathartics and Emetics, fi.75 

OORGAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 6th Edition, Revised. ^00 

GROFF. Materia Medica for Nurses. Just Ready. J1.25 

HELLER. Essentials of Materia Medica, Pharmacy, and 

Prescription Writing. $1.50 

MAYS. Theine in the Treatment of Neuralgia. % bound, .50 

NAPHEYS. Modern Therapeutics, gth Revised Edition, En- 
larged and Improved. In two handsome volumes. Edited by A1.LBII 
J. Smith, m.d., and J Aubrey Davis, m.d 

Vol 1. General Medicine and Diseases of Children. $4.00 

Vol. II. General Surgery, Obstetrics, and Diseases of Women. ^.00 

POTTER. Hand-Book of Materia Medica, Pharmacy, and 

Therapeutics, including the Action of Medicines, Special Therapeu- 
tics, Pnarmacoiogy, etc., including over 600 Prescriptions and For- 
mulae. 7th Edition. Revised and Enlarged. With Thumb Index in 
each copy. Just Ready Cloth, J5.00; Sheep, |6.co 

POTTER. Compend of Materia Medica, Therapeutics, and 
Prescription Writing, wiih Special Reference to the Physiologi- 
cal Action of Drugs. 6th Revised and Improved Edition, based upon 
the U. S. P. 1890. .80; Interleaved, $1.25 
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SAYRE. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kingdom and the Vege- 
table and Animal Drugs. Comprising the Botanical and Physical 
Characteristics, Source, Constituents, and Pharmacopeial Prepara- 
tions. With chapters on Synthetic Organic Remedies, Insects In- 
jurious to Drugs, and Pharmacal Botany. A Glossary and 543 Illus- 
trations, many of which are original. $4.00 

WARING. Practical Therapeutics. 4th Edition, Revised and 
Rearranged. Cloth, J2.00; Leather, $3.00 

^VHITE AND WILCOX. Matena Medica, Pharmacy, Phar- 
macology, and Therapeutics. 4th American Edition, Revised by 
Reynold W. Wilcox, m.a., m.d., ll.d. Clo., J3.00; Lea., ^3.50 



MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

REESE. Medical Jurisprudence and Toxicology. A Text-Book 
for Medical and Le^al Practitioners and Students. 5th Edition. 
Revised by Henkt Leffmann, m.d. Clo.,13.00; Leather, I3.50 

" To the student of medical jurisprudence and toxicology it is in- 
valuable, as it is concise, clear, and thorough in every respect." — The 
American Journal of the Medical 'Sciences. 

MANN. Forensic Medicine and Toxicolo^. Illus. ^6.50 

MURRELL. What to Do in Cases of Poisoning. 7th 
Edition, Enlarged. |i.oo 

TANNER. Memoranda of Poisons. Their Antidotes and Tests. 
7th Edition. .75 

MICROSCOPY. 

BEALE. The Use of the Microscope in Practical Medicine. 
For Students and Practitioners, with Full Directions for Examining the 
Various Secretions, etc., by the Microscope. 4th Ed. soolllus. ^6.50 

BEALE. How to Work with the Microscope. A Complete 
Manual of Microscopical Manipulation, containing a Full Description 
of many New Processes of Investigation, with Directions for Examin- 
ing Objects Under the Highest Powers, and for Taking Photographs 
of Microscopic Objects. 5th Edition. 400 Illustrations, many of 
them colored. $6.50 

CARPENTER. The Microscope and Its Revelations. 8th 
Edition. 800 Illustrations and many Lithographs. Preparing. 

LEE. The Microtomist's Vade Mecum. A Hand-Book of 
Methods of Microscopical Anatomy. 887 Articles. 4th Edition, 
Enlarged. ^4.00 

MACDONALD. Microscopical Examinations of Water and Air. 
25 Lithographic Plates, Reference Tables, etc. 2d Edition. $2.50 

REEVES. Medical Microscopy, including Chapters on Bacteri- 
ology, Neoplasms, Urinary Examination, etc. Numerous Illus- 
trations, some of which are printed in colors. ^2.50 

WETHERED. Medical Microscopy. A Guide to the Use of the 
Microscope in Practical Medicine. 100 Illustrations. ^2.00 
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MISCELLANEOUS. 

BLACK. Micro-OrganiBRis. The Formation of Poisonfi. A 
Biological Study of tlie Germ Theory of Disease. .75 

BURNETT. Poods and Dietaries. A Manual of Clinical Diet- 
etics. 2d Edition. $1-50 
QOULD. Borderland Studies. Miscellaneous Addresses and 
Essays. i2rao. $2.00 
QOWERS. The Dynamics of Life. .75 
HAIG. Causation of Disease by Uric Acid. A Contribution to 
the Pathology of High Arterial Tension, Headache, Epilepsy, Gout, 
Rheumatism, Diabetes, Bright's Disease, etc. 4th Edition. ^3.^30 
HAIG. Diet and Pood. Considered in Relation to Strength and 
Power of Endurance. Jusi Ready. f,\.oa 
HARE. Mediastinal Disease. Illustrated by six Plates. $2.00 
HEMMETER. Diseases of the Stomach. Their Special Path- 
ology, Diagnosis, and Treatment. With Sections on Anatomy, Diet- 
etics, Surgery, etc. Illustrated. Clo. f6.oo; Sb. ^7.00 
HENRY. A Practical Treatise on Anemia. Half Cloth, .50 
LEPPMANN. The Coal-Tar Colors. With Special Reference to 
their Injurious Quabties and the Restrictions of their Use. A Trans- 
lation of Theodore Weyl's Monograph. ^1-25 
MARSHALL. History of Woman's Medical College of Penn- 
sylvania, fi-50 
NEW SYDENHilM SOCIETY'S PUBLICATIONS. Circulars 
upon application. Per Annum, $S co 
TREVES. Physical Education : Its Effects, Methods Etc. .75 
LIZARS. The Use and Abuse of Tobacco. .40 
PARRISH. Alcoholic Inebriety. ^1.00 
ST. CLAIR. Medical Latin. %\ 00 
SCHREINER. Diet Lists. Pads of 50. 75 

NERVOUS DISEASES. 

BEEVOR. Diseases of the Nervous System and their Treat- 
ment. ^2.50 

GORDINIER. The Gross and Minute Anatomy of the Cen- 
tral Nervous System. With many original Colored and other 
Illustrations. Preparing. 

GOWERS. Manual of Diseases of the Nervous System. A 
Complete Text-Book. 2d Edition, Revised, Enlarged, and in many 
parts Rewritten. With many new Illustrations. Two volumes. 
Vol. I . Diseases of the Nerves and Spinal Cord. Clo. f 3.00 ; Sh. ^.00 
Vol. II. Diseases of the Brain and Cranial Nerves: General and 
Functional Disease. Cloth, $4.00 ; Sheep, $5.00 

QOWERS. Syphilis and the Nervous System. fi.oo 

GOWERS. Diagnosis of Diseases of the Brain, ad Edition. 
Illustrated. $150 

GOWERS. Clinical Lectures. A New Volume of Essays on the 
Diagnosis, Treatment, etc., of Diseases of the Nervous System, fa.oo 

GOWERS. Epilepsy and Other Chronic Convulsive Diseases. 
2d Edition. In Prets 

HORSLEY. The Brain and Spinal Cord. The Structure and 
Functions of. Numerous IllustratioDS. $a-SO 
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OBBRSTEINER. The Anatomy of the Central Nervous Or- 
gans. A Guide to the Study of their "Structure in Health and Dis- 
ease. igS Illustrations. $5-5o 

ORMEROD. Diseases of the Nervous System. 66 Wood En- 
gravings, ^i.oo 

OSLrER. Cerebral Palsies of Children. A Clinical Study. $2.00 

OSLER. Chorea and Choreiform Affections. $2.00 

PRESTON. Hysteria and Certain Allied Conditions. Their 
Nature and Treatment. Illustrated. $2 .00 

WATSON. Concussions. An Experimental Study of Lesions Aris- 
ing from Severe Concussions. Paper cover, Ji.oo 

WOOD. Brain Work and Overwork. .40 

NURSING. 

special Catalogue of Books for Nurses sent free upon application, 
BRO^VN. Elementary Physiology for Nurses. .75 

CANFIELD. Hygiene of the Sick-Room. A Book for Nurses and 
Others. Being a Briet Consideration of Asepsis, Antisepsis, Disinfec- 
tion, Bacteriology, Immunity, Heating and Ventilation, and Kindred 
Subjects for the Use of Nurses and Other Intelligent Women. $1.25 
CULLING'WORTH. A Manual of Nursing, Medical and Sur- 
gical. 3d Edition with Illustrations. .75 
CULLINGWORTH. A Manual for Monthly Nurses. 3d Ed. .40 
CUFF. Lectures to Nurses on Medicine. New Ed. Ji.as 
DOMVILLE. Manual for Nurses and Others Engaged in At- 
tending the Sick. 8th Edition. With Recipes for Sick-room Cook- 
ery, etc. .75 
FULLERTON. Obstetric Nursing. 40 Ills. 4th Ed. Ji.oo 
FULLERTON. Nursing in Abdominal Surgery and Diseases 
of Women. Comprising the Regular Course of Instruction at the 
Training-School of the Women's Hospital, Philadelphia. 2d Edition. 
70 Illustrations Si. 50 
GROFF. Materia Medica for Nurses. With Questions for Self-Ex- 
amination and a very complete Glossary. Just Ready. $1.25 
HUMPHREY. A Manual for Nurses. Including General 
Anatomy and Physiology, Management of the Sick Room, etc. 
i6th Ed. Illustrated. ^loo 
SH AWE. Notes for Visiting Nurses, and all those Interested 
in the Working and Organization of District, Visiting, or 
Parochial Nurse Societies. With an Appendix Explaining the 
Organization and Working of Various Visiting and District Nurse So- 
cieties, by Helen C. Jbnks, of Philadelphia. $1.00 
STARR. The Hygiene of the Nursery. Including the General 
Regimen and Feeding of Infants and Children, and the Domestic Man- 
agement of the Ordinary Emergencies of Early Life, Massage, etc. 6th 
Edition. 25 Illustrations. $1.00 
TEMPERATURE AND CLINICAL CHARTS. See page 6. 
VOSWINKEL. Surgical Nursing. Second Edition, Enlarged. 
Tii Illustrations. Just Ready. $1.00 
WARD. Notes on Massage. Interleaved. Paper cover, Ji.oo 

OBSTETRICS. 

BAR. Antiseptic Midwifery. The Principles of Antiseptic Meth- 
ods Applied to Obstetric Practice. Authorized Translation by 
Henry D Frt, m.d.. with an Appendix by the Author. Ji.oo 
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CAZEAUX AND TARNIER. Midwifery. With Appendix by 
Mund6. The Theory and Practice of Obstetrics, including the Dis- 
eases of Pregnancy and Parturition, Obstetrical Operations, etc. 
8th Edition. Illustrated by Chro mo- Lithographs, Lithographs, and 
other full-page Plates, seven of which are beautifully colored, and 
numerous Wood Engravings Cloth, $4.50 ; Full Leather, ^5.50 

DAVIS. A Manual of Obstetrics, Being a Complete Manual for 
Physicians and Students. 3d Enlarged and Revised Edition. With 
Colored and many other Illustrations. In Press. 

LANDIS. Compend of Obstetrics, 6th Edition, Revised by Wm. 
H. Wrli^ Assistant Demonstrator of Chnical Obstetrics, Jefferson 
Medical College. With 47 Illustrations, .80; Interleaved, $1.25. 

SCHULTZE. Obstetrical Diagrams. Being a series of so Col- 
ored Lithograph Charts, ImperialMap Size, of Pregnancy and Mid- 
wifery, with accompanying explanatory (German) text illustrated 
by Wood Cuts. 2d Revised Edition. 

Price ill Sheets , f 26.00 ; Mounted on Rollers, Muslin Backs, f 36.00 

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and 
Treatment of Extra-Uterine Pregnancy. ,75 

WINCKEL. Text-Book of Obstetrics, Including the Pathol- 
ogy and Therapeutics of the Puerperal State. Authorized 
Translation by J. Clipton Edgar, a.m., h.d. With nearly 300 Illus- 
trations. Cloth, $5,00; Leather, ^.oo 

FULLERTON. Obstetric Nursing. 4th Ed. Illustrated, fi.oo 

SHIBATA. Obstetrical Pocket-Pbantom with Movable Child 
and Pelvis. Letter Press and Illustrations. $1.00 

PATHOLOGY. 

BARLOW, General Pathology. 795 pages, 8vo. fS-oo 

BLACKBURN. Autopsies. A Manual of Autopsies Design«l for 
the Use ot Hospitals for the Insane and other Public Institutions. 
Ten hill-page Plates and other Illustrations. fi-^s 

BLODGETT. Dental Pathology. By Albert N. Blodgbtt, 
M.D., late Professor of Pathology and Therapeutics, Boston Dental 
College. 3;i Illustrations. fi'^s 

COPLIN. Manual of Pathology. Including Bacteriology, Technic 
of Post-Mortems, Mfihods of Pathologic Research, etc. 265 Illus- 
trations, m.^ny of which are original. i2mo. (3-oo 

GILLIAM. Pathology. A Hand-Book for Students. 47 Illus. .75 

HALL. Compend of General Pathology and Morbid Anatomy* 
91 very fine Illu-ttrations. 2d Edition. .80; Interleaved, (1.25 

HEWLETT. Manual of Bacteriology. 75 Illustrations. J3.00 

VIRCHOW. Post-Mortem Examinations. A Description and 
Explanation of the Method of Performing Them in the Dead House 
of the Berlin Charity Hospital, with Special Reference to Medico- 
Leeat Practice. 3d Edition, with Additions. .75 

WHITACRE. Laboratory Text-Book of Pathology, \\nth 
T21 Illustrations. {1.50 

WILLIAMS. Bacteriology. A Manual for Students. 7S Illus- 
trations. Just Ready. $'.50 

PHARMACY. 

special Catalogue 0/ Books on Phar^nacy sent free upcn application 
COBLENTZ. Manual of Pharmacy. A New and Complete 

Text- Book by the Professor in the New York CoU^e of Pharmacy. 

ad Edition, Revised and Enlarged. 437 Illus. Cloth,|3.so ; Sh., %^ 50 
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BEASLEY. Book of 3x0a Prescriptions. Collected from the 
Practice of* the Most Eminent Physicians and Surgeons — English, 
French, and American. A Compendious History oi the Materia 
Medica, Lists of the Doses of all the Officinal and Established Pre- 
parations, an Index of Diseases and their Remedies. 7th Ed. $2.c» 

BEASLEY. Druggists* General Receipt Book, Comprising 
a Copious Veterinary Formulary, Recipes in Patent and Proprietary 
Medicines, Druggists' Nostrums, etc. ; Perfumery and Cosmetics, 
Beverages, Dietetic Articles and Condiments, Trade Chemicals, 
ScientiHc Processes, and many Useful Tables. loth Ed. $2.00 

BEASLEY. Pocket Formulary. A Synopsis of the British, French, 
German, and United States Pharmacopoeias. Comprising Standard 
and Approved Formulae for the Preparations and Compounds 
Employed in Medical Practice, izth Edition. Just Ready. $2.00 

PROCTOR. Practical Pharmacy. Lectures on Practical Phar- 
macy. With Wood Engravings and 32 Lithographic Fac-simile 
Prescriptions. 3d Edition, Revised, and with Elaborate Tables of 
Chemical Solubilities, etc. $3-°o 

ROBINSON. Latin Grammar of Pharmacy and Medicine. 
2d Edition. With elaborate Vocabularies. ^i-75 

SAYRG. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kinedom and the Vege- 
table and Animal Drugs. Comprising the Botanical and Physical 
Characteristics, Source, Constituents, and Pharmacopeial Prepar- 
ations. With Chapters on Synthetic Organic Remedies, Insects 
Injurious to Drugs, and Pharmacal Botany A Glossary and 543 
Illustrations, many of which are original. Cloth, ^4.00; Sheep, 1^5.00 

SCOVILLE. The Art of Compounding. Second Edition, Re- 
vised and Enlarged. Cloth, $2.50; Sheep, J3. 50 

STEWART. Compend of Pharmacy. Based upon " Reming-^ 
ton's Text-Book of Pharmacy." sth Edition, Revised in Accord- 
ance with the U. S. Pharmacopoeia, i8go. Complete Tables of 
Metric and English Weights and Measures. .80; Interleaved, $1.25 

UNITED STATES PHARMACOPCEIA. xSgo. 7th Decennial 
Revision. Cloth, $2.50 (postpaid, J2.77); Sheep, ^3.00 (postpaid, 
JS3.27); Interleaved, $4.00 (postpaid, $4.50); Printed on one side of 
page only, unbound., $3.50 (postpaid, $3.90). 

Select Tables from the U. S. P. (1890). Being Nine of the Most 
Important and Useful Tables, Printed on Separate Sheets. Care- 
fully put up in patent envelope. .25 

POTTER. Hand-Book of Materia Medica, Pharmacy, and 
Therapeutics. 600 Prescriptions and Formulae. 7th Edition. 

Cloth, ^5.00 ; Sheep, J6.00 

*#* Special Catalogue of Books on Pharmacy free upon application^ 

PHYSICAL DIAGNOSIS. 

BROWN. Medical Diagnosis. A Manual of Clinical Methods, 
4th Ed. 112 lUnstrations. fust Ready. Cloth, J2. 25 

FEN>VICK. Medical Diagnosis. Sth Edition. Rewritten and 
very much Enlarged. 135 Illustrations. Cloth, J2.50 

TYSON. Hand-Book of Physical Diagnosis. For Students and 
Physicians. By the Professor of Clinical Medicine in the University 
of Pennsylvania. Illus. 3d Ed., Improved and Enlarged. With 
Colored and other Illustrations. Just Ready. t^-V 

MEMMINGKR. Diagnosis by the Urine. 23 Illus. fi.oa 



Digitized by Microsoft® 



SUBJECT CATALOGUE. 



PHYSIOLOGY, 

BRUBAKBR. Compeod of Physiology, oth Edilion, Revised 
and Enlarged. Illustrated. Just Ready. .80; Interleaved, $1.25 

KIRKE. Phyflioloey. f 14th Authorized Edition. Dark-Red Cloth.) 
A Hand-Book of Physiology. 14th Edition, Revised and Enlarged. 
By Pkop. W. D Halliburton, of Kings College, London. 661 
Illustrations, some of which are printed in colors. 

Cloth, f 3.00; Leather, ^3.75 

LANDOIS. A Text-Book of Human Physiology, Including 
Histology and Microscopical Anatomy, with Special Reference to 
the Requirements of Practical Medicine. 5th American, translated 
from the 9th German Edition, with Additions by Wh. Stirling, 
M.D.,D.sc. 845 lllus.,many of which are printed in colors. In Press. 

STARLING. Elements of Human Physiology. 100 Ills, fi.oo 

STIRLING. Outlines of Practical Physiology. Including 
Chemical and Experimental Physiology, with Special Reference to 
Practical Medicine. 3d Edition. 289 Illustrations, $2.00 

TYSON. Cell Doctrine. Its History and Present Slate. fi.50 

YEO. Manual of Physiology. A Text-Book for Students of 
Medicine. By Gerald K. Ybo, m.d., p r c.s. 3d Edition. 254 
Illustrations and a Glossary . Cloth, f 2.50 ; Leather, $3.00 

PRACTICE. 

BEALE. On Slight Ailments; their Nature and Treatment. 

2d Edition, Enlarged and Illustrated. fi-^S 

CHARTERIS. Practice of Medicine. 6th Edition. |a.oo 

FOWLER. Dictionary of Practical Medicine. By various 

writers. An Encyclopaedia of Medicine. Clo.,$3.oo; Half Mor. $4.00 

HUGHES. Compend of the Practice of Medicine. 5th Edition, 

Revised and Enlarged. 

Part I. Continued, Eruptive, and Periodical Fevers, Diseases of die 
Stomach, Intestines, Peritoneum, Biliary Passages, Liver, Kid- 
neys, etc., and General Diseases, etc. 
Part II. Diseases of the Respiratory System, Circulatory System, 
and Nervous System; Diseases of the Blood, etc. 

Price of each part, .80; Interleaved, fi.35 
Physician's Edition. In one volume, including the above two 
parts, a Section on Skin Diseases, and an Index. 5th Revised, 
Enlarged Edition. 568 pp. Full Morocco, Gilt Edge, ^3.25 

ROBERTS. The Theory and Practice of Medicine. The 
Sections on Treatment are especially exhaustive. 9th Edition, 
with Illustrations. Cloth, $4.50; Leather, $5.50 

TAYLOR. Practice of Medicine. 5th Edition. Cloth, ^00 

TYSON. The Practice of Medicine. By Jambs Ttson, u.d.. 
Professor of Clinical Medicine in the University of Pennsylvania. 
A Complete Systematic Text-book with Special Reference to Diag- 
nosis and Treatment. Illustrated. 8vo. 

Cloth, fs. 50; Leather, $6 50 ; Half Russia, f 7. 50 

PRESCRIPTION BOOKS. 

BEASLEY. Book of 3100 Prescriptions. Collected from the 
Practice of the Most Eminent Physicians and Surgeons — English, 
French, and American. A Compendious History of the Materia, 
Medica, Lists of the Doses of all OfiScinal and Esublished Prepara- 
tions, and an Index of Diseases abd their Remedies. 7th Ed. $9.00 
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BBASLEY. Druggists* General Receipt Book. Comprising 
a Copious .VeteriDary Formulary, Recipes m Patent and Proprie- 
tary Medicines, Druggists' Nostrums, etc. ; Perfumery and Cos- 
metics, Beverages, Dietetic Articles and Condiments, Trade Chem- 
icals, Scientific Processes, and an Appendix of Useful Tables, 
loth Edition, Revised. $2.cx3 

BEASLBY. Pocket Formulary. ASynopsisof the British, French, 
German, and United States Pharmacopoeias and the chief unofficial 
Formularies. 12th Edition Just Ready. J2.00 

PEREIRA. Prescription Book. Containing Lists of Phrases 
and Abbreviations Used in Prescriptions, Grammatical Construction 
of Prescriptions, etc. i6th Edition. Cloth, .75 ; Tucks, ^i.oo 

WYTHE. Dose and Symptom Book. Containing the Doses and 

Uses of all the Principal Articles of the Materia Medica. 17th Ed. 

Cloth, .75 ; Leather, with Tucks and Pocket, $1.00 

SKIN. 

BULKLEY. The Skin in Health and Disease. Illustrated. .40 
CROCKER. Diseases of the Skin. Their Description, Pathol- 
ogy, Diagnosis, and Treatment, with Special Reference to the Skin 
Eruptions of Children, 92 lUus. 3d Edition. Preparing. 

IMPEY. Leprosy. 37 Plates. 8vo. $3.50 

SCHAMBERG. Diseases of the Skin. 99 Illustrations, Being 
No. 16? Quiz-Compend? Series. Cloth, .80; Interleaved, Jr. 25 

VAN HARLINGEN. On Skin Diseases. A Practical Manual 
of Diagnosis and Treatment, with special reference to Differential 
Diagnosis. 3d Edition, Revised and Enlarged. With Formulae 
and 60 Illustrations, some of which are printed in colors. J2.75 

SURGERY AND SURGICAL DIS- 
EASES (see also Urinary Organs), 

CAIRD AND CATHCART. Surgical Hand-Book. 5th Edition, 
Revised. 188 Illustrations. Full Red Morocco, $2.50 

CRIPPS. Ovariotomy and Abdominal Surgery. Illus. $8.00 

DEAVER. Appendicitis, Its Symptoms, Diagnosis, Pathol- 
ogy, Treatment, and Complications. Elaborately Illustrated 
with Colored Plates and other Illustrations. Cloth, J3.50 

DEAVER. Surgical Anatomy. With 400 Illustrations, Drawn by 
Special Artists from Dissections made for the Purpose. InPress* 

DULLES. What to Do First in Accidents and Poisoning. 
5th Edition. New Illustrations. f i.oo 

HACKER. Antiseptic Treatment of Wounds, According to 
the Method in Use at Professor Billroth's Clinic, Vienna. .50 

HAMILTON. Lectures on Tumors, from a Clinical Stand- 
point. Third Edition, Revised, with New Illustrations. gi.25 

HEATH. Minor Surgery and Bandaging. loth Ed., Revised 
and Enlarged. 158 Illustrations, 62, Formulae, Diet List, etc. $1.25 

HEATH, Injuries and Diseases of the Jaws. 4th Edition. 
187 Illustrations. ^4-5o 

HEATH. Lectures on Certain Diseases of the Jaws. 64 Illus- 
trations. Boards, .50 

HORVS^ITZ. Compend of Surgery and Bandaging, including 
Minor Surgery, Amputations, Fractures, Dislocations, Surgical Dis- 
eases, and the Latest Antiseptic Rules, etc., with Differential Diagno- 
sis and Treatment. 5th Edition, very much Enlarged and Rear- 
ranged. 167 Illustrations, gS Formulae. Clo., .80; Interleaved, $1.25 



Digitized by Microsoft© 



SUBJECT CATALOGUE. 



JACOBSON. Operations of Surgery. Over aoo lUiutrations. 

Cloth, $3.00 ; Leather, $4.00 

JACOBSON. Diaeasea of the Male Organs of Generation. 
88 Illustrations. *6.oo 

MACREADY. A Treatise on Ruptures. 24 Full-page Litho- 
graphed Plates and Numerous Wood Engravings, Cloth, ^.00 

MAYLARD. Surgery of the Alimentary Canal. 134 lllus. >7.50 

MOULLIN. Text-Book of Surgery. With Special Reference to 
Treatment. 3d American Edition. Revised and edited by John B. 
Hamilton, m.d., ll.d.. Professor of the Principles of Surgery and 
Clinical Surgery, Rush Medical College, Chicago. 623 Illustrations, 
over 200 of which are original, and many of which are printed in 
colors. Handsome Cloth, $6.00; Leather, f 7.0a 

" The aim to make this valuable treatise practical by giving special 

attention to questions of treatment has been admirably carried out. 

Many a reader will consult the work with a feeling of satisfaction that 

his wants have been understood, and that they have been intelligently 

met." — The American Journal 0/ Medical Science. 

ROBERTS. Fractures of the Radius. A Clinical and Patho- 
logical Study. 33 Illustrations. $r 00 

SMITH. Abdominal Surgery. Being a Systematic Description 01 
all the Principal Operations. 224 Illus. 6th Ed. 2 Vols. Clo., f 10.00 

SWAIN. Surgical Emergencies. Fifth Edition. Cloth, $1.75 

VOSWINKEL. Surgical Nursing. Second Edition, Revised and 
Enlarged. 11 1 Illustrations. Just Ready, Ji.oo 

WALSHAM. Manual of Practical Surgery. 6th Ed., Re- 
vised and Enlarged, With 410 Engravings. $300 

WATSON. On Amputations of the Extremities and Their 
Complications. 250 Illustrations. %S-V> 

THROAT AND NOSE (see also Ear). 

COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Nose and Throat. Two Colored 

Plates and 59 Illustrations ^50 

HOLLOPETER. Hay Fever. Its Successful Treatment. Jlco 

HUTCHINSON. The Nose and Throat. Including the Nose, 

Naso-Pharynx, Pharynx, and i.arynx. Illustrated by Lithograph 

Plates and 40 other Illustrations 2d Edition. In Press. 

MACKENZIE. Pharmacopoeia of the London Hospital for 
Dis. of the Throat. 5th Ed., Revised by Dr. F. G. Harvey f i oo 

McBRIDE. Diseases of the Throat, Nose, and Ear. A Oinical 
Manual. With colored Illus. from original drawings. 2d Ed. $6.00 

POTTER. Speech and its Defects. Considered PhysiologicaUy, 
Pathologically, and Remedially. %\,oa 

URINE AND URINARY ORGANS. 

ACTON. The Functions and Disorders of the Reproductive 
Organs in Childhood, Youth, Adult Aee, and Advanced Life, 
Considered in their Physiological, Social, and Moral Relations. 
8th Edition $1.75 

ALLEN. Albuminous and Diabetic Urioe. Illus. fs.ss 
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BROCKBANK. Gall Stones. I2.25 

BBAL.E. One Hundred Urinary Deposits. On eight sheets, 
for the Hospital, Laboratory, or Surgery. Paper, ^2.00 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons, and the Milk. Memoranda, Chemical and Microscopi- 
cal, for Laboratory Use. Illustrated and Interleaved. 5th Ed. $1.00 

MEMMINGER. Diagnosis by the Urine. 23 Illus. $1.00 

MORRIS. Renal Surgery, with Special Reference to Stone in the 
Kidney and Ureter and to the Surgical Treatment of Calculous 
Anuria. Illustrated. $2.00. 

MOULLIN. Enlargement of the Prostate. Its Treatment and 
Radical Cure. 2d Edition. Illustrated. In Press. 

MOULLIN. Inflammation of the Bladder and Urinary Fever. 
Octavo. Jiist Ready. $1.50 

THOMPSON. Diseases of the Urinary Organs. 8th Ed. $3.00 

TYSON. Guide to Examination of the Urine. For the Use of 
Physicians and Students. With Colored Plate and Numerous Illus- 
trations engraved on wood. 9th Edition, Revised. ^^-25 

VAN NUYS. Chemical Analysis of Healthy and Diseased 
Urine, Qualitative and Quantitative. 39 Illustrations. ^i.oo 

VENEREAL DISEASES. 

COOPER. Syphilis. 2d Edition, Enlarged and Illustrated with 

20 full-page Plates. f 5.00 

GOWERS. Syphilis and the Nervous System. 100 

JACOBSON. Diseases of the Male Organs of Generation. 88 

Illustrations. ■ $6.00 

VETERINARY. 

ARMATAGE. The Veterinarian's Pocket Remembrancer. 
Being Concise Directions for the Treatment of Urgent or Rare Cases, 
Embracing Semeiology, Diagnosis^ Prognosis, Surgery, Treatment, 
etc. 2d Edition. Boards, $i .00 

BALLOU. Veterinary Anatomy and Physiology. 29 Graphic 
Illustrations. .8a; Interleaved, $1.25 

TUSON. Veterinary Pharmacopoeia. Including the Outlines of 
Materia Medica and Therapeutics. 5th Edition. ^2.25 

WOMEN, DISEASES OF. 

BYFORD (H. T.). Manual of Gynecology. Second Edition, 
Revised and Enlarged by loo pages. With 341 Illustrations, many 
of which are from original drawings $3 00 

BYFORD (W. H.). Diseases of Women. 4th Edition. 306 
Illustrations. Cloth, J2.00 

DUHRSSEN. A Manual of Gynecological Practice. 105 
Illustrations. $^.50 

LEWERS. Diseases of Women. 146 Illus. 5th Ed. J2.50 

WELLS. Compend of Gynecology. Illustrated. 

.80; Interleaved, ^i.s5 

FULLERTON. Nursing in Abdominal Surgery and Diseases 
of IVomen. 2d Edition, 70 Illustrations. Sz.50 
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SUBJECT CATALOGUE. 

COMPENDS. 



From, The Southern CH/nie. 

" We know of no series of books issued by any house that so fully 
meets our approval as these ?Quiz-Compends7.' They are well ar- 
ranged, full, and concise, and are really the best line of text-books that 
could be found for either student or practitioner." 



BLAKISTON'S PQUIZ-COMPENDS? 

The Beet Series of MamtaU for the TJee of Stadents. 
Price of each, Cloth, .80. Interleaved, for taking Notes, $1.25. 

4^ These Compends are based on the most popular text-books 
and the lectures of prominent professors, and are kept constandy re- 
vised, so that they may thoroughly represent the present state oi the 
subjects upon which they treat. 

4®* The authors have had large experience as Quiz-Masters and 
attaches of colleges, and are well acquainted with the wants of students. 

4S* Thejr are arranged in the most approved form, thorough and 
concise, containing over 6oo fine illustrations, inserted wherever they 
could be used to advantage. 

49~ Can be used by students ot any college. 

4^ They contain information nowhere else collected in such a 
condensed, practical shape. Illustrated Circular free. 

No. I. POTTER. HUMAN ANATOMV. Sixth Revised and 
Enlarged Edition. Including Visceral Anatomy. Can be used 
with either Morris's or Gray's Anatomy. 117 Illustrations and x6 
Lithographic Plates of Nerves and Arteries, with Explanatory 
Tables, etc. By Sahubl O. L. Pottkh, m.d.. Professor of the 
Practice of Medicine, Cooper Medical College, San Francisco ; late 
A. A. Surgeon, U. S. Army. 

No. 3. HUGHES. PRACTICE OF MEDICINE. Parti. Fifth 
Edition, Enlarged and Improved. By Danibl E. Hdghbs, m.d , 
Physician-in-Chief, Philadelphia Hospital, late Demonstrator ot 
Clinical Medicine, Jefferson Medical College, Phila, 

No. 3. HUGHES. PRACTICE OF MEDICINE. Part II. 
Fifth Edition, Revised and Improved. Same author as No. 2. 

No. 4. BRUBAKER. PHYSIOLOGY. Ninth Edition; with 
new Illustrations and a table of Physiological Constants. Enlarged 
and Revised, fiy A. P. Bkubakek, h d., Professor of Physiology 
and General Pathology in the Pennsylvania College of Dent^ 
Surgery; Adjunct Professor of Physiology, Jefferson Medical 
College, Philadelphia, etc 

N0.5. LANDIS. OBSTETRICS. Sixth Edition. By Henry G. 
Landis, h.d. Revised and Edited by Wm. H. Wblls, m.d.. 
Instructor of Obstetrics, Jefferson Medical College, Philadelphia. 
Enlarged. 47 Illustrations. 

No. 6. POTTER. MATERIA MEDICA, THERAPEUTICS, 
AND PRESCRIPTION WRITING. Sixth RevUed Edition 

iU. S. P. 1S90). By Samuel O. L. Potter, h.d.. Professor oi 
'ractice. Cooper Medical College, San Francisco ; late A. A. Sur- 
geon, U. S. AJrmy. 
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PQUIZ-COMPENDS ?— Continued. 

No. 7. WELLS. GYNECOLOGY. By Wm. H. Wells, m.d.. 
Instructor of Obstetrics, Jefferson College, Philadelphia. 150 Illus- 
trations. 

No. 8, GOULD AND PYLE. DISEASES OF THE EYE 
AND REFRACTION. A New Book. Including Treatment 
and Surgery, and a Section on Local Therapeutics. By Gborgb 
M. Gould, m.d., and W. L. Pyle, m.d. With Formulae, Glossary, 
Tables, and txi Illustrations, several of which are Colored. 

No. 9. HORWITZ. SURGERY, Minor Surgery, and Bandag- 
ing. Fifth Edition, Enlarged and .Improved. By Orville 
HoRWiTZ, B.S., M.D.jClinicalProfessor of Genito-Urinary Surgery 
and Venereal Diseases in Jefferson Medical College ; Surgeon to 
Philadelphia Hospital, etc. With 98 Formulae and 71 Illustrations. 

No. xo. LEFFMANN. MEDICAL CHEMISTRY. Fourth 
Edition. Including Urinalysis, Animal Chemistry, Chemistry of 
Milk, Blood, Tissues, the Secretions, etc. By Henry Lbffhann, 
M.D., Professor of Chemistry in Pennsylvania College of Dental 
Surgery and in the Woman's Medical College, Philadelphia. 

No. II. STEWART. PHARMACY. Fifth Edition. Based upon 
Prof. Remington's Text-Book of Pharmacy. By K. E. Stewart, 
M.D., PH.G., late Quiz-Master in Pharmacy and Chemistry, Phila- 
delphia College of Pharmacy ; Lecturer at Jefferson Medical 
CoUege. Carefully revised in accordance with the new U. S. P. 

No. 12. BALLOU. VETERINARY ANATOMY AND PHY- 
SIOLOGY. Illustrated. By Wm.R. Ballou, m.d.. Professor 
of Equine Anatomy at New York College of Veterinary Surgeons ; 
Physician to Bellevue Dispensary, etc. 29 graphic Illustrations. 

No. 13. WARREN. DENTAL PATHOLOGY AND DEN- 
TAL MEDICINE. Third Edition, Illustrated. Containing 
a Section on Emergencies. By Geo. W. Warren, d.d.s.. Chief 
of Clinical Staff, Pennsylvania College of Dental Surgery. 

No. 14. HATFIELD. DISEASES OF CHILDREN. Second 
Edition. Colored Plate. By Marcus P. Hatfield, Profes* 
sor of Diseases of Children, Chicago Medical College. 

No. 15. HALL. GENERAL PATHOLOGY AND MORBID 
ANATOMY. 91 Illustrations. By H. Newberry Hall, ph. c, 
M.D., late Professor of Pathology, Chicago Post-Graduate Medi- 
cal School. Second Edition. 

No. 16. DISEASES OF THE SKIN. By Jay T. Schamberg, 
M.D., Instructor in Skin Diseases, Philadelphia Polyclinic. With 
99 handsome Illustrations. 

Price, each, Cloth, .80. Interleaved, for taking Notes, $1.26. 

In preparing, revising, and improving Blakiston's ?Quiz-Com- 
PBNDS ? the particular wants of the student have always heen kept in 
mind. 

Careful attention has been given to the construction of each sentence, 
and while the books will be found to contain an immense amount of 
knowledge in small space, they will likewise be found easy reading ; 
there is no stilted repetition of words ; the style is clear, lucid, and dis- 
tinct. The arrangement of subjects is systematic and borough ; there 
Is a reason for every word. They contain over 600 illustrations. 
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Tyson's 
Practice of 
Medicine, irr.. 



A Text-Book of the Practice of Medi- 
cine. With Special Reference to Diagnosis 
and Treatment. By James Tyson, m. d., 
Professor of Clinical Medicine in the Univer- 
sity of Pennsylvania; Physician to the Hos- 
pital of the University and to the Philadelphia 
Hospital ; Fellow of the College of Physicians 
of Philadelphia, etc. 



With Many Useful Illustrations. 

Octavo. 1180 Pages. 

Cloth, $5.50: Sheep, $6.50; Half Russia, $7.50. 



Extracts from a Review in the Ameriean Journal of 
Medical Sciences. 

" Externally it is the largest and handsomest single volume 
on the practice of medicine." 

" Clinical features are usually described in a masterly way." 

"The directions (for treatment) are full and clear, and as 
a rule, eminently judicious and conservative." 

" Dr. Tyson's style is already so well known in medical 
literature that it is only necessary to say the present work is 
one of the best examples." 

"We welcome Dr. Tyson's Practice as a most valuable 
addition to medical literature." 

Descriptive circular and sample pages upon application. 
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